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For almost three decades chief interest in the psychology 
of color has centered in the problem of color constancy and 
the questions associated with it. While numerous investiga- 
tions have been made regarding the conditions and extent of 
constancy and its relation to contrast, adaptation, and modes 
of appearance, only a few studies have been devoted to the 
changes in color which objects undergo in strongly chromatic 
illumination after constancy has disappeared. In spite of the 
large number of observations and theories concerning the 
perseveration of ‘normal’ or daylight color with changes in 
illumination, no satisfactory principles have been formulated 
which relate object color and illuminant color or which give 
a satisfactory account of the relations between contrast, 
constancy, and adaptation. 

In seeking an answer to the general question: Given any 
object as stimulus, what will be its hue, saturation, and light- 
ness when viewed on any background under any illuminant? 
—we have succeeded in formulating a principle which em- 
braces constancy, contrast, adaptation and other phenomena 
related tothem. The changes in any attributes of color which 
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occur with changes in illumination, background or any of the 
conditions of viewing we call ‘color conversion.”! Constancy 
has emerged as a special case of conversion which is the more 
general and more fundamental problem. 

Among the conditions which must be controlled and 
investigated in any study of color conversion the following 
are most important: (1) composition and intensity of illumina- 
tion; (2) reflectances of all objects and background in the 
field of vision; (3) state of the eye and mode of viewing 
stimuli. In the experiments reported here all of these factors 
have been controlled and their effects noted. For accurate 
predictions and hence for a valid theory of color conversion, 
quantitative data specifying the light beam reaching the 
eyes as well as reflectances must be known and a mathematical 
formulation to theory is both desirable and necessary. The 
discussion of non-selective samples in chromatic illumination 
is much simpler than that of selective samples because, while 
the reflectances differ, the trilinear coordinates of non-selective 
samples are alike and identical with that of the illuminant. 
We shall therefore restrict ourselves in this article to the case 
of non-selective samples in chromatic illumination, leaving 
it for later reports to take up selective samples and the 
mathematical formulation ? of the principle discussed qualita- 
tively in this paper. 


DEFINITION OF TERMS 


Definition of Terms.—In order to avoid ambiguity and 
confusion the chief technical terms used in this and succeeding 
papers will be defined in accordance with the usage prevailing 
in the fields from which they are taken. 

Color: the quality of any visual experience except its 
spatial attribute of extent or bulk. Here we include both the 
chromatic and achromatic hues and all dimensions usually 
ascribed to the color for a given mode of viewing, ¢.g., hue, 


1This term was first used in a paper presented at the Dartmouth meetings of 
the American Psychological Association in 1936 (Helson and Judd, 11). 

2 Judd (21) has proposed formule for hue, lightness, and saturation of surface 
colors which will be discussed in a later paper. 
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saturation and brightness for aperture (film) colors, and, in 
addition, pronouncedness, etc., for surface colors. 

Surface color: a color belonging to a surface and viewed 
in unrestricted vision. As described by Katz, surface colors 
are hard, resist the gaze, inhere in the plane of the object, 
reveal the microstructure of the object, and have the attribute 
of pronouncedness in addition to the classical dimensions now 
restricted to 

Aperture color: a color seen at an indefinite distance behind 
a small aperture in a non-selective material used as a screen. 
The color thus seen is soft, filmy, penetrated by the gaze, lies 
in the frontal-parallel plane and has hue, brightness and 
saturation. It is assumed that the aperture is a small hole in 
a ‘black’ screen upon which no light 1s falling. 

Lightness: used for object colors in preference to the com- 
mon terms brilliance, brightness or tint which are reserved 
for the aperture mode of viewing. Very light surface colors 
approach white but no whites are found in the aperture mode. 

Achromatic colors: colors lacking hue in the sense of mem- 
bers of the brilliance or black-white series of colors. It 
should be noted that objects achromatic in one illumination 
are not necessarily so in another and hence the need to refer to 

Selective and non-selective samples: samples whose spectral 
reflectance is constant throughout the visible range are said 
to be non-selective and to have non-selective reflectance. 
Such samples are achromatic, as a rule, but it should be noted 
that they are not necessarily achromatic at all times. They 
may be highly saturated, as the present study will show. On 
the other hand, selective samples may be achromatic in certain 
illuminations. Chromaticity and achromaticity refer to 
color as experienced, selectivity and non-selectivity to the 
physical properties of the sample. 

Reflectance: an abbreviation in the present work for the 
term, apparent reflectance, defined as the fraction of the 
incident light which an hypothetical perfectly diffusing sample 
would need to reflect in order to yield the same brightness as 
the actual sample under the same conditions of illuminating 
and viewing. The spectral characteristics of the illuminant 
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have usually to be given, thus: reflectance for incandescent 
lamp light, or daylight reflectance, or reflectance for artificial 
sunlight and so on. When the sample is measured in the 
spectrophotometer wavelength by wavelength, its spectral 
reflectance is determined. 

Tristimulus specification: a way of specifying any color- 
stimulus by stating the amounts of three arbitrarily chosen 
primaries (not necessarily real color stimuli) which, when 
mixed, result in a match for the color in question. Such 
specification does not require actual matching if the spectral 
composition of the light source, transmission of filters, and 
spectral reflectances of the sample are all known—in which 
case the tristimulus values can be calculated (Cf. Judd, 19). 

Trilinear coordinates: the amounts of the three primary 
stimuli necessary for matching any stimulus given as per- 
centages. Since they add to 100 percent, only two of the three 
values need be stated. Trilinear coordinates differ according 
to the system employed. In our work the U.C.S. system, 
developed by Judd, will be used and all specifications will 
refer to the U.C.S. triangular mixture diagram (Judd, 20). 

Conversion: a term introduced by the present writer to 
denote any change in color due to any circumstances what- 
soever, ¢.g., to change in spectral character of the illuminant, 
to change in background or in neighboring samples, or to 
change in state of the viewing mechanism. It includes 
changes which both selective and non-selective samples under- 
go when the illuminant changes from, say, daylight to strongly 
chromatic illumination. The term does not imply that any 
illuminant or particular conditions of viewing are standard. 
Conversion refers to the change in color which any object 
undergoes in time or place. 

Transformation: a term used by some writers to express the 
fact that object color under non-daylight or some similar 
illumination or in shadow or through some other change in 
conditions is transformed from the aperture color derived 
from the object color usually to daylight color. Since often- 
times conversion is nearly back to daylight color, some writers 
have used this term as a substitute for constancy. 
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Sample: this term will be used in preference to the terms 
‘stimulus’ and ‘object’ because of the particular stimuli used 
in this work—Munsell paper samples. 


Ground and background: these words will be used inter- 
changeably for the parts of the field on which the samples 
appeared and for the walls of the light booth which, at least 


within the field of vision, were like the ground on which the 
samples appeared. 


EXPERIMENTAL CONDITIONS, PROCEDURE AND 
SuBJEcTs’ REPORTS 


The experiments, ranging over a period of five years and employing several 
experimenters and different sets of subjects (denoted by.S), were all conducted in a 
light-tight booth specially constructed for the purpose (Fig. 1). The booth consisted 
of a wooden structure 6’ X 6’ X 7’ erected in a dark room of the laboratory and lined 
with white and gray cardboard as shown in Fig. 1. When a ‘gray’ or ‘black’ ground 
was desired the walls in the field of view were changed accordingly. In one corner of 
the booth was a shelf (S, Fig. 1), on which the samples were placed. In the ceiling 
of the booth were two apertures, one of which (F.L.) admitted only filtered light from 
the light source, the other, when used with the MgO reflector, admitted light from the 
2850° K. source through the aperture marked W.L. in Fig. 1. The openings just 
described were 6’ X 6” and so made that filters and screens could be inserted to 

change the composition or intensity of light in any manner desired. The light source 
‘ was a 500-watt Mazda lamp, calibrated and loaned by the National Bureau of Stand- 
ards. It was equivalent to a black body radiator of 2850° K. when operated at 103 
volts. The resistance and voltmeter (M) enabled us to maintain constant operating 
conditions. When we wished to mix light from the source which was nearly achromatic 
with the strongly chromatic illumination from the filters, the second opening was used 
with the MgO reflector placed at an angle of 45° to the source and to the aperture. 
A ground glass (G.G.) was placed under the two openings and above the samples to 
diffuse the light entering the booth and to insure uniform illumination on the samples. 

The stimuli consisted of 16 samples from the Hering series of grays and a white, 
gray and black identical with the backgrounds, the latter having reflectances of .80, 
.23 and .03 respectively. The samples were 40 X 50 mm and were placed in holders 
to keep them flat and clean. These were identical with the backgrounds and the 
margin of 14.5 mm of holder around each sample served to separate the samples from 
each other and to insure uniform background effects. The samples seemed to be 
sufficiently closely non-selective to make measurements of spectral reflectance un- 
necessary. Observation under daylight illumination resulted in agreement among all 
Ss that all samples were achromatic. Reflectance for incandescent-lamp light was 
measured by means of the Macbeth illuminometer and is given in Table 4 under R. 
While the samples are arranged in the table in order of reflectance, during observations 
they were placed in haphazard order for viewing. 

The trilinear codrdinates of the illuminants, backgrounds, and samples are assumed 
to be identical and are given in Table 1. The spectral composition of the source was 
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White 


Fic. 1. The color booth. Light from the 2850° K. source enters the booth 
3 through filters placed in the opening F.L. and is diffused by the ground glass G.G. 
: before reaching the sample plane S._ White light is introduced through the opening 
| W.L. when desired. Non-selective filters were used in F.L. and W.L. to reduce the 
intensity of illumination. The MgO reflector served to increase the amount of white 

light through W.L. 


a 
| 
| 
: | 
Cardboard 
vw rerey ordboar 
/ 
/ 
‘ 


FUNDAMENTAL PROBLEMS IN COLOR VISION. 1 445 


TABLE 1 


Tue TritingEaR Coérpinates (U. C. S. System) oF THE SOURCE-FILTER 
COMBINATION OR ILLUMINANT, SAMPLES AND BACKGROUNDS 


Red Yellow Green Blue 


r | g r | r r 


.958 | .042 -705 | 295 372 237 351 


known through its equivalence with a black body radiator of 2850° K. and the spectral 
transmissions of the filters were determined spectrophotometrically. From these two 
sets of values the trilinear codrdinates can be computed and it is found when they 
are plotted on the color triangle that the red illuminant is identical with 643 my in 
the spectrum, while the other illuminants are close to 596 mu (yellow), 546 mu (green), 
and 461 my (blue). 

In addition to the specifications already given of our illuminants the illuminant 
colors should be stated qualitatively so that our results may be intelligible on the 
psychological level. While we refer to the filters as red, yellow, green, and blue, 
light samples in the field tended to show additional components as given in Table 2. 


TABLE 2 


SHOWING THE HUEs OF THE FILTERS, THE HUES OF THE ILLUMINANTS WHEN THE 
Fitters ARE Usep wiTtH A Source oF 2850° K., AND THE MIXTURE AND 
AFTER-IMAGE COMPLEMENTARIES OF THE ILLUMINANT HUES 


Filter Illuminant Mixture After-image 
Hue Hue Complementary Complementary 
B or rB Y RY oryR 


Furthermore, the distinction between hues of complementary colors as given by 
mixture and in the after-image is necessary and made clear in Table 2 where it will be 
seen that the after-image complementary differs from the mixture complementary in 
having more red-blue, as Tschermak (42) has pointed out. Our results are explicable 
in terms of after-image complementarism and throughout this work when speaking of 
complementary colors we shall always mean the after-image complementary and not 
the mixture complementary. 

It will be seen that three of our illuminants were good unitary colors but the other 
one, as judged by the reports on the light samples, contained a yellow component. 
The difference between the mixture and after-image complementaries is very striking 
and is important when we come to the discussion of results and formulation of a general 
principle of conversion. 

Having standardized conditions so far as the stimuli were concerned, the next 
task was to make sure that Ss reported accurately the hues, lightnesses and saturations 
of the colors in the sample plane. Often Ss enter color experiments without knowledge 
or practise in identifying and ordering colors with respect to these three fundamental 
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attributes. Undoubtedly much of the variability and difficulty in reporting referred 
to in the literature springs from the fact that Ss are not trained for the specific task in 
question, not to mention equivocal conditions on the stimulus side. Our Ss were 
shown the Munsell book of color and trained to recognize and report upon differences 
in the three fundamental dimensions. No attempt was made to get reports on pro- 
nouncedness, microstructure, or other surface attributes. This training was given 
before entering the color booth; results after the experiments in the booth were begun 
were accepted without question. We owe much to this preliminary training and believe 
that if reproducible results and scientific hypotheses are to be formulated both stimulus 
and S must be ‘standardized.’ On the other hand, our results with trained Ss have 
been verified by untrained individuals and visiting psychologists who have merely 
observed in the color booth en passant. 

In many of the experiments reported in the literature it is impossible to determine 
what was actually acting as stimulus. The customary set-up for constancy experi- 
ments in which one field is ‘normally’ illuminated and the other is ‘shadowed’ or 
otherwise different from the first involves vision now in one illumination, now in 
another. Both the difficulty of observing and the unreliability of results attest the 
shortcomings of conditions in which the state of the eye is either not definitely con- 
trolled or is subject to rapid changes. Our Ss were in a single illumination and in 
the same illumination as the samples. The importance of a known, unitary lighting 
situation cannot be over-emphasized. Our results show that failure to control back- 
ground, sample, illuminant or the adaptation of the eye introduces serious sources of 
error. In particular we have found it necessary to confine our experiments to nearly 
equilibrium adaptive states of the eye; the temporal course of adaptation is consider- 
ably more complicated than the near-equilibrium state which we have studied. It is 
hard to see much value in speculations about mechanisms responsible for conversion 
which are based on experimental results with any of these conditions uncontrolled. 

Judgments of hue were made with respect to a sixteen-fold classification as follows: 
the primary hues were called red, green, yellow, and blue, while members of the gray 
series were called achromatic. Unitary colors were given one name and binary colors 
were given a double name, ¢.g., Red-Blue or Yellow-Green. If one component pre- 
dominated the adjectival form was used for the minor component, ¢.g., yellowish- 
Green, bluish-Red. Abbreviations utilize small letters for the minor component and 
capitals for the predominating hue, ¢.g., yG, bR. The first hue in the compound 
noun form does not mean that it predominated, i.¢., RB and BR are identical. 

Reports on saturation and lightness were based on an arbitrary 10-point scale in 
which 10 denoted maximum lightness or saturation and 0a minimum. The Munsell 
notation was used, the numerator referring to lightness, the denominator to saturation. 
Thus R 6/4 refers to a red having a lightness a little above medium and a saturation 
a little below. The notation for white would thus be A (achromatic) 10/o and for 
black, A o/o. Some objections can be raised to our attempt to quantify or order in 
this manner. While some Ss gave the lightest color in the field or the most saturated 
one the maximum value of 10, others seemed to have an absolute standard apart from 
the viewing conditions so that the lighest or most saturated color received a value 
less than 10. Furthermore although subsequent direct comparison of samples on 
‘white’ and ‘black’ grounds showed the latter to be lighter and more saturated, the 
values given to them were not, in general, higher when viewed on the ‘black’ ground 
because the Ss could not give a value greater than 10 and did not attempt to base 
their values upon memories of colors obtained with different backgrounds. 
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The intensities of illumination were not the same for the four illuminants owing 
to the differences in transmissions of the four filters employed. This variation in 
conditions was more than offset by two facts: intensity differences within a very wide 
range were found to be of minor importance, something we shall discuss in a later 
section; observations were made with four different intensities the ratio of highest to 
lowest being 96:1. Each illuminant was therefore used throughout a sufficiently 
wide range of intensities to reveal effects of intensity differences if any. Unless 
otherwise stated all results refer to the medium range of intensity for each filter. 
Three of the four intensities employed are given in Table 3 as well as the transmissions 


TABLE 3 


SHOWING THE TRANSMISSIONS OF THE Four FILTERS FoR 2850° K., THE 
IntTeNsITY (I) 1n Foot Canptes (f.c.) oN THE SAMPLE PLANE FOR 
Eacu SourcE-FILTER COMBINATION AT THREE INTENSITIES 


r i 
for | (he). “a | 
1.000 1.4 72.0 135.0 
0.052 0.073 3.7 7.0 
0.0061 0.0085 0.44 0.82 


of the filters. From this table it will be seen that the yellow filter has the highest 
transmission for incandescent-lamp light and the blue the lowest. The highest 
intensity of the blue (.82 f.c.) is 1.6 times the lowest for the yellow (.51 f.c.) illuminant. 

Increase in intensity was achieved by the use of a reflector over the source and 
decrease by interposing non-selective filters or screens between the source and the 
filters. Calculation of the brightness on the sample plane consisted simply in multi- 
plying the illumination in apparent foot candles on the sample plane without filters 
by the transmissions of the filters, thus avoiding heterochromatic photometry. 

Returning to the procedure used in the experiments we may note that each S 
was given 15 minutes’ adaptation to the illumination before the samples were exposed. 
The field in front of S was lined with ‘white’ cardboard during the adaptation period 
regardless of the background used in the observations which followed. The ‘white’ 
background and the fifteen minutes’ adaptation insured complete adaptation to the 
illumination. Ss were instructed to allow their eyes to wander over the samples 
without resting too long on any one as they made their judgments of hue, lightness 
and saturation. S’s voice could be heard outside the booth by the experimenter 
who could thus take down the protocols without being seen. Twenty-seven individuals 
acted as Ss altogether though space prohibits the use of more than typical individual 
results or averages. 

At this point I am happy to acknowledge with thanks the part of Dr. Deane B. 
Judd of the National Bureau of Standards and my students Mrs. Virginia Balough 
Jeffers and Miss Mildred Henrich in this study. Dr. Judd has been in close touch 
with the work from the beginning as our previous publications together (9, 10) show 
and he has aided greatly with the loan of the calibrated light source, with measurements 
of transmission, and in the computation of trilinear coordinates as well as with advice 
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as to procedure and interpretations. The data in Table 4 and in Figs. 2 and 3 are 
from experiments carried on by Miss Henrich and those in Tables 6 and 7 are from 
work by Mrs. Jeffers. 


TABLE 4 


SHowinG THE REFLECTANCE (R), Hue, Ligutness, AND SATURATION FOR SAMPLES 
on THREE BackcGrounps tN Four Dirrerent ILLuMinaTions (SuBJECT 1) 


Backgrounds were White (W), Gray (G), and Black (B) in daylight. Numerator 
indicates lightness and denominator indicates saturation as in the Munsell notation. 


Red Illuminant 


Green Illuminant 


R 
W Bked. | G Bkgd. B Bkgd. | W Bkgd. | G Bkegd. B Bked. 
9.0/0.5} R 8.5/7.0} 7.0/7.0} YG 9.0/1.0} YG 8.0/7.0} YG 9.0/7.0 
7.0/1.0] 7.5/6.0} R 7.0/7.0} YG 8.0/1.0] YG 7.0/5.0] YG 8.0/6.0 
6.0/0.0} bR 6.0/3.0} 6.0/7.0} 7.0/0.0] YG 6.0/3.0] YG 6.0/5.0 
6.0/0.0] bR 6.0/3.0} 5.0/5.0} 7.0/0.0] YG 6.0/3.0] YG 6.0/5.0 
B 6.0/1.0} RB 6.0/3.0} bR 5.0/5.0] BR 7.0/1.0] YG 5.5/1.0] yG 5.0/5.0 
ere B_ 5.0/2.0} RB 5.5/2.0] bR 5.0/5.0} BR 7.0/1.0] YG 5.5/1.0] yG 5.0/5.0 
B 5.0/3.0] RB 5.5/2.0} bR 4.5/4.5] BR 7.0/1.0} 5.0/5.0] yG 4.5/5.0 
5.0/4.0] RB 5.0/1.0) bR 5.0/4.0} BR 6.0/2.0} 5.0/0.0] yG 4.5/5.0 
B 5.0/4.0} RB 5.0/0.5} bR 4.0/4.0] BR 6.0/3.0} 5.0/0.0] yG 4.0/5.0 
B 5.0/5.0} 5.0/0.0} bR 4.0/4.0] BR 6.0/3.0} 4.0/0.0] yG 4.0/5.0 
B 5.0/5.0; 5.0/0.0} bR 4.0/4.0] BR 6.0/3.0] 4.0/0.0 3.5/4.0 
B 5.0/5.0} 5.0/0.0] bR 3.0/4.0] BR 6.0/3.5} A 4.0/0.0] yG 3.5/4.0 
5.0/5.0] 4.0/0.0} bR 3.0/4.0} BR 6.0/3.5} 4.0/0.0] yG 3.5/4.0 
5.0/5.0] bG 4.0/0.5} bR 2.0/2.0} BR 5.0/4.0} RB 4.0/2.0] yG 3.0/3.0 
4.0/6.0] bG 4.0/1.0} 1.0/1.0] BR 5.0/5.0} RB 3.0/3.0] yG 2.0/2.0 
4.0/6.0} bG 3.0/3.0} bR_ 1.0/1.0] BR 5.0/5.0] RB 3.0/3.0] yG 2.0/2.0 
4.0/6.0] bG 3.0/3.0] bR 1.0/1.0] BR 4.0/6.0] RB 3.0/4.0] yG 1.0/1.0 
gB 4.0/6.0} bG 2.0/5.0] bR 1.0/0.5} BR 3.0/7.0} RB 2.0/5.0] yG 0.5/0.5 
BG 3.0/7.0] BG 1.0/8.0} 0.0/0.0} BR 3.0/8.0] RB 1.5/6.0} 0.0/0.0 
Blue Illuminant Yellow Illuminant 
R 
W Bkgd G Bked. B Bkgd. W Bkgd. G Bkgd. B Bked. 
9g.0/1.0} 8.0/8.0} 7.0/6.0} gY 9.0/1.0] Y 8.0/7.0] Y 9.0/7.0 
B 7.0/1.0} 7.0/7.0} 6.0/5.0] gY 8.0/1.0] Y 7.0/5.0] 7.0/5.0 
6.0/0.0] 6.0/5.0} 5.0/5.0} A_ 7.0/0.0} Y 6.5/3.0] Y 6.0/4.0 
rB 6.0/1.0} 6.0/5.0| 4.5/5.0} 7.0/0.0} Y 6.5/2.0] Y 6.0/3.0 
rB 5.0/1.0} rB 6.0/2.0} 4.0/5.0] RB 7.0/2.0} Y 6.0/0.5] Y 5.0/2.0 
Y 5.0/1.0} rB 6.0/2.0] 4.0/5.0] RB 6.0/2.0] Y 6.0/0.5} Y 5.0/2.0 
Y 5.0/1.0} 5.0/1.0} rB_ 4.0/4.0} RB 6.0/2.0} 6.0/0.0} Y__§.0/1.0 
Y 5.0/1.0) 4.0/0.0} rB 3.5/4.0] RB 6.0/3.0} 5.5/0.0 Y 5.5/1.0 
Y 5.0/1.0} 4.0/0.0} rB 3.5/4.0] RB 6.0/3.0} 5.0/0.0} Y_ 5.0/1.0 
Y 5.0/1.0} 4.0/0.0} 3.5/4.0] RB 6.0/3.5} 5.0/0.0] Y 5.0/1.0 
Y 4.0/2.0} 3.5/0.0] 3.5/4.0] RB 6.0/3.5; 5.0/0.0) Y_ 5.0/1.0 
Y 3.0/1.0} 3.5/0.0} rB 3.5/4.0} RB 6.0/4.0} Y_ 5.0/1.0 
Y 3.0/1.0} 3.0/0.0} rB 3.0/4.0} RB 5.0/4.0) RB 4.5/1.0; Y 4.0/1.0 
Y 3.0/2.0} Y 2.5/0.5) 2.5/3.0] RB 5.0/5.0]. RB 4.0/1.5] A 5.0/0.0 
Y 4.0/4.0] Y 2.0/2.0} rB_ 1.0/2.0] RB 4.0/6.0} RB 3.0/2.0} 3.0/0.0 
Y 3.0/3.0] 2.0/2.0} RB 1.0/1.0] RB 3.0/6.0) RB 3.0/3.0} 3.0/0.0 
ee Y 3.0/5.0] Y 2.0/2.0] RB 1.0/1.0} RB 3.0/6.0] RB 3.0/3.0] RB 2.0/2.0 
ee Y 2.0/6.0] RY 1.0/5.0} A 0.5/0.0} RB 3.0/7.0] RB 2.0/5.0] RB 1.0/3.0 
Y 2.0/6.0] RY 1.0/5.5} 0.0/0.0} rB_ 2.0/8.0] 0.0/0.0 
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THe GENERAL PRINCIPLE GOVERNING CONSTANCY, 
ConTRAST, CONVERSION AND ADAPTATION 


Inspection of Table 4, in which are given the reflectance, 
hue, lightness, and saturation of each of the 19 samples in 
four illuminations and on three different backgrounds, reveals 
that samples of high reflectance have the illuminant hue, 
samples of intermediate reflectance are achromatic, and 
samples of low reflectance have the hue of the after-image 
complementary to the illuminant hue. These facts are seen 
best on the ‘gray’ ground. It will be noticed that the samples 
reported achromatic are those of higher (but not highest) 
reflectance on the ‘white’ ground, but of intermediate re- 
flectance on the ‘gray’ ground, and of lowest reflectance on 
the ‘black’ ground. From this we may conclude that, other 
things being equal, the background reflectance is the most 
important factor determining the adaptation level and hence 
the colors of samples appearing on it. While adaptation did 
not render all non-selective samples achromatic in homo- 
geneous illumination, as Koffka (27, 28) has asserted should 
be the case under our conditions, it did result in the establish- 
ment of what we shall call an adaptation reflectance which 
is in reality a range of reflectances such that samples whose 
reflectance coincides with or are near it are achromatic. The 
adaptation reflectance determines not only which samples 
shall remain achromatic, hence constant, but which shall take 
on either the illuminant color or its complementary. 

We can now formulate the general principle governing 
constancy, conversion, contrast and adaptation in chromatic 
illumination: samples above the adaptation reflectance take the 
hue of the illuminant color; samples below it, the hue complemen- 
tary to the illuminant hue; while samples near the adaptation 
reflectance are either achromatic or greatly reduced in saturation. 
In formulating this principle we have made but one assump- 


*The following quotation from Buhler shows an implicit recognition of this 
principle although it is never expressed or made use of by either Bihler or his students 
in writing on the effects of chromatic illumination: “Certainly,” says Buhler (4, p..a9), 
“even in bright sunlight colors change. ‘There are no perfect papers for . . . even 
the purest white paper becomes yellowish in sunlight while the intruding shadows 
make ‘all cats’ gray-black with a bluish tinge.” 
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tion which concerns the establishment of an achromatic point 
with reference to which constancy, illuminant color and 
complementary color are to be explained. Providing the eye 
is exposed to a single illumination no further assumptions are 
necessary for the facts in question. 

This general principle is based upon the time-honored and 
widespread view (Katz, 26, Kravkov and Paulsen-Basch- 
makowa, 34, Mach, 36, Hess and Pretori, 13, Kohlrausch, 30, 
and Kardos, 24) that object color depends upon the ratios of 
light reflected from the various parts of the visual field rather 
than on the absolute amounts. Particularly this formulation 
is foreshadowed by Kardos (24) who suggested as a condition 
for object-color constancy the constancy of the ratio of the 
light reflected by the object to that reflected by the ground. 
Our general principle is a refinement of this view and relates 
it to the problem of vision in chromatic illumination. 

To explain the typical results in Table 4 it is unnecessary 
to postulate parallel processes for constancy and contrast in 
the sense of Jaensch (14, 15, and Jaensch and Miller, 17, and 
Jaensch and Wiegand, 18), to invoke a ‘noticing of the 
illumination’ in the sense of Katz (26) to explain constancy, 
or to assume a ‘discounting of the illumination’ as Jaensch 
has done (16) to explain the same fact. Nor is it necessary to 
assume a ‘shift in level’ for the explanation of constancy and 
a different principle, namely that of color difference, as Koffka 
(27) has done, for contrast, since the relation of sample re- 
flectance to adaptation reflectance explains all the facts 
without special assumptions regarding any particular ones.* 
The appearance of illuminant color, complementary color, and 
constancy under one set of conditions forces us to the con- 
clusion a single mechanism must be responsible for all. 

Several important phenomena evident in our results and 
characteristic of chromatic illumination deserve special con- 
sideration. First, it will be noticed that samples having the 
lowest saturation are those near the adaptation reflectance 

4 No summary of experiments or theories in the field of constancy can be attempted 


in this paper and so the reader is referred to the excellent historical discussions to be 
found in MacLeod (37) and Henneman (12). 
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which changes with reflectance of the background. Under 
“our conditions of strongly chromatic illumination the lightest 
and darkest samples have the greatest saturations, contrary 
to the usual view regarding the lightness-saturation relation- 
ship. This fact has been noted by Bocksch and Krauss (1, 
31) for light samples who called it the Aufweissung effect but 
who did not report an analogous effect for samples whose 
reflectances are below the adaptation reflectance which be- 
come more saturated with the complementary hue the greater 
the difference between their reflectance and the adaptation 
reflectance. The color pyramid which represents the rela- 
tionship as one of decreasing saturation with either increasing 
or decreasing lightness as colors depart from medium lightness 
is therefore not a correct representation of the facts in strongly 
chromatic illumination. This phenomenon also contradicts 
theories which postulate decreasing chromas with very high 
or very low lightnesses and serves to give Ss the impression 
that colors in strongly chromatic illumination are different 
from any seen under ordinary conditions. 

A second phenomenon deserving special mention concerns 
the change in hue of samples whose reflectances are below the 
adaptation reflectance. Inspection of the hues reported on 
the ‘white’ ground (Table 4) reveals that samples darker than 
the achromatic ones have a red or blue component in addition 
to the mixture complementary component, the former often 
appearing before the latter. That the red or blue components 
may appear before the mixture component, ¢.g., B in the red 
illuminant before gB, and RB before rB or B in the yellow 
illuminant appears in Table 4. It is as if the mixture com- 
plementary had greater difficulty in overcoming the illuminant 
hue and hence appears later when conditions are most favor- 
able, whereas the R or B component, when it does not have to 
cancel the illuminant hue, appears under less favorable 
circumstances. ‘Furthermore, a fact which cannot appear in 
the results for only one S, either R or B may appear first, 
depending upon the individual S. The relative strength 
of the R and B components of the after-image complementary 
seems to be an individual matter. 
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Thirdly, the results in Table 4 show that mere change in 
background is sufficient to change the hues of practically all 
the samples. What will be constant, what will take on the 
illuminant or complementary color, depends upon its relation 
to the background reflectance. Attempts to formulate 
general principles regarding the change of hue which objects 
undergo in chromatic illumination without relating object 
reflectance to reflectances of all other samples and back- 
ground reflectance have only succeeded in giving partial 
truths valid only for the particular background used in the 
theorists’ experiments. ‘That various writers have not real- 
ized the importance of background reflectance is clear from 
their discussions of constancy and color changes in chromatic 
illuminations. 

A fourth important finding concerns the adaptation reflec- 
tance or achromatic point in the reflectance series. According 
to the view of Jaensch (14, 15) and Koffka (27, 28) the achro- 
matic level established in chromatic illumination represents 
a shift from an hypothetical ‘normal’ or daylight illumination 
but our findings indicate and our theory assumes that the 
achromatic point is established with reference to the conditions 
obtaining within the viewing situation itself and is a function 
of the weighted average reflectances of samples and back- 
ground. ‘The concept of ‘change in level’ as used by Koffka 
seems to mean that the background becomes completely 
achromatic in chromatic illumination. No reference is made 
to the fact that the adaptation level established under various 
conditions may be anyplace along the light-dark continuum, 
1.¢., high, medium or low. Koffka erroneously assumes that 
both non-selective backgrounds and samples will be achro- 
matic in strongly chromatic illumination. According to our 
principle the achromatic point does not necessarily coincide 
with either any sample or the background unless there 
happens to be present a reflectance coinciding with the adapta- 
tion reflectance. Whether or not the background is achro- 
matic depends upon its relation to the adaptation reflectance 
like any sample. Backgrounds of high reflectance certainly 
do not become achromatic in homogeneous illumination—a 
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generalization which holds not only for non-selective but for 
selective backgrounds equally. 

We have now to discuss the all-important concept of adap- 
tation reflectance. Adaptation reflectance seems from our 
results to be an average of the reflectances of the surfaces of 
which the sample plane is composed; these surfaces should be 
weighted according to proximity to the fixation point in space 
and in past time. Many different elements of the viewing 
situation have to be taken into account in the computation 
of this weighted mean. Of first importance is the reflectance 
of the background because most of the sample plane is oc- 
cupied by the background; of secondary importance is the 
average reflectance of all samples in the field (Henneman, 12) 
and since this average should weight most heavily the samples 
which have just been fixated, the arrangement of the samples, 
their size and distance from each other, have their effect.® 
The reflectances meant are the reflectances for the particular 
illuminant used, and if the samples or background are them- 
selves selective the spectral selectivity of the illuminant is 
very important. Thirdly, eye-movements determine the 
weighting of the sample-plane elements in past time and 
determine the question, important for selective samples, 
whether the sample is imaged on or off the pigmented portion 
(macula lutea) of the retina. However fairly reliable compu- 
tations of adaptation reflectance may be made simply from 
the reflectance of the ground, 4p, and the logarithmic average, 
A, of the sample reflectances. Judd (21) has proposed 
(A,2.4)*4 as a first approximation to adaptation reflectance, 4’. 
Furthermore he has proposed the following formula for 
lightness (L) of any sample on any background: 


_ (104 — 0,3) (4’ +1) 
10 — 0.3 A'+A 


(1) 


where 4 is the apparent reflectance of the sample whose 
lightness is to be predicted and the other symbols have the 
meanings given them in the discussion preceding the formula. 


5 J. Kohler (29, pp. 450 ff.) found that the ground in the neighborhood of the 
sample is by far the most important. 
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This formula was devised for such a scale as was used in these 
experiments, 1.¢., a 10-point scale in which 0 denoted ‘black’ 
and 10 ‘white’ or a maximum of lightness. 

From (1) it is seen that the background reflectance receives 
greatest weight and is the chief factor in the determination 
of adaptation reflectance. Since we are interested at this 
point only in the correct evaluation of the adaptation reflec- 
tance the values given in Table 5 are of interest. Here are 


TABLE 5 


SHOWING THE AVERAGE LIGHTNESSES FOR S1x Ss or SAMPLES REPORTED ACHROMATIC 
oN THREE BacKGROUNDS IN Four ILLUMINANTS AND THE ADAPTATION 
LicutNEss CALCULATED BY JuUDD’s FoRMUL# 


Illuminants Calculated 
Bekegd. 
Red Yellow | Green Blue All = * 
(Ao®A)4 | 4/5(A03A) 
i 7.00 7.10 7.5 7.0 7.1 7.2 6.6 
4-7 5.5 5.1 4.0 4.8 5.5 4.9 
rr 0.0 0.2 1.2 1.3 0.4 1.6 0.6 


given the average lightnesses in each illuminant for six Ss 
of samples reported achromatic on each of three backgrounds 
and the calculated lightnesses corresponding to achromaticity 
for each background. The close agreement between observed 
and calculated values bears out the correctness of assigning 
predominant weight to background reflectance in calculating 
the adaptation reflectance. 

The discrepancies between observed and calculated adap- 
tation lightness are no greater than 1.2 steps in the 10-step 
lightness scale. Although the uncertainty of the observed 
average value is about as large as the discrepancy in each case, 
from the consistently high calculated values it muy be con- 
cluded that the adaptation reflectance for our conditions is 
probably some fraction, say 4/5, of the function proposed by 
Judd (Cf. values in last colum of Table 5). This conclusion 
is consistent with the finding by Helson and Judd (10) that a 
uniform chromatic field loses all saturation only under ex- 
treme and exceptional adaptation. 
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EFFECT OF BACKGROUND ON COLOR OF SAMPLES 


The average lightness of samples reported achromatic on 
both the ‘black’ and ‘gray’ grounds coincided fairly closely 
with the lightness of the backgrounds themselves, showing 
that adaptation rendered the backgrounds achromatic in 
these cases. Butin the case of the ‘white’ ground the average 
lightness reported achromatic was considerably below the 
background lightness, 7.15 against 10.0. It appears, therefore, 
that when the background reflectance is too high adaptation 
cannot compensate sufficiently to render it achromatic. The 
result is that samples near the ground and the ground are 
reported chromatic. In any case, the effect of the ground on 
the adaptation reflectance and hence on the hue and satura- 
tion of all samples in the field appears clearly in Table 4 in the 
results for different backgrounds, identical samples having 
different hues on different grounds. 

Since there can be no samples darker than the darkest 
ground, 1.¢., ‘black,’ we do not expect complementary colors 
to appear when this ground is used and Table 4 bears out this 
deduction from our principle. The ‘black’ ground thus has the 
effect of inducing the hue of the illuminant on all samples and 
it may be regarded as doing so through the lightening effect 
expected from a ground darker than the samples on it. This 
explains the fact so often reported in the literature that in 
spectrally homogeneous illumination, or something approach- 
ing this, only the color of the illuminant appeared. In some 
cases it is stated that samples were placed on a black ground 
(Falkenberg, 6, and Krauss, 31) though the writers seem to be 
unaware of its effect while in others we know such must have 
been the case from the results reported (Katz, 26): that 
objects were tinted with the illuminant color. 

Following the implications of our principle for ‘white’ 
ground, we expect all samples below the adaptation reflectance 
to take the hue of the complementary to the illuminant and 
the results in Table 4 for ‘white’ ground bear this out. Some 
Ss, to be sure, report the lighter samples as achromatic on 
‘white’ ground with no reports on illuminant hue, while others 
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may report the lightest samples as having the illuminant hue, 
but the majority of the reports contain the complementary. 
Since the adaptation reflectance on ‘white’ ground is some- 
what below the reflectance of the ground we expect some 
reports of illuminant hue as some samples have reflectances 
above the adaptation reflectance though not above the ground 
reflectance. 

Our results with ‘white’ ground are similar to the findings 
of several workers whose generalizations regarding the effects 
of chromatic illumination indicate they must have been 
working with grounds of high reflectance or with samples of 
lower reflectance than their grounds. Their generalizations 
have been denied by others working with darker grounds 
who found only the illuminant hue! Thus Kravkov (33, 35) 
says that in chromatic illumination the illuminant color calls 
forth a color tending to neutralize itself. This generalization 
is true for ‘white’ or light grounds but false for ‘black’ or 
very dark grounds and only half true for ‘gray’ grounds as 
our results for ‘gray’ ground in Table 4 prove. The state- 
ment of Bocksch (2) that it is impossible to see a sample whose 
daylight color is green as green in red illumination is in direct 
contradiction to Kravkov’s findings and shows that he must 
have been using green samples of reflectance higher than the 
adaptation reflectance under his conditions. Had he used a 
green sample of low reflectance for red light on ‘white’ ground 
his generalization would not have been made. These are 
but two examples of contradictory generalizations due to the 
neglect of sample and background reflectances. 

We have now only to point out that on ‘gray’ ground we 
see illuminant hues, achromatic colors, and complementary 
hues (Table 4) as we should expect from our principle when 
the adaptation reflectance is intermediate between the 
reflectances of the lightest and darkest samples. If samples 
on ‘gray’ ground have reflectances no higher than that of the 
ground, we would not expect the illuminant hue to be seen; 
similarly, if samples have reflectances no lower than that 
of the ground we would not expect the complementary hue 
to be seen. Through its splitting effect on the ‘black-white’ 
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series, since the ‘gray’ ground is lighter than some of the 
samples and darker than others, it provides the best condition 
for observing all phenomena possible in chromatic illumina- 
tion. It is due to the use of grounds of either too high or 
too low reflectance or of samples at one or the other end of the 
lightness continuum that workers have made generalizations 
true only for their own conditions and inadequate for the 
others. With ‘gray’ ground and wide range of sample 
reflectances all the possibilities can be realized simultaneously. 

In closing the discussion of background effects we must 
point out that often effects attributed to ‘the presence of 
other objects in the field’ (Henneman, 12) and to unnamed 
‘organizational’ factors (Burzlaff, §) can probably be ascribed 
to changes in adaptation reflectance caused by variation in 
object and background reflectances. 


RELATIONSHIPS BETWEEN LIGHTNESS, 
SATURATION, AND HuE 


From our discussion of the general principle underlying 
color conversions it is evident that certain relationships should 
be found between the lightness and saturation and between 
the lightness and hue of any sample in any illuminant. 
Figures 2 and 3 show even more strikingly than Table 4 how 
increase in lightness is accompanied by increase in saturation 
above the achromatic point while decrease in lightness below 
the achromatic point is accompanied by increase in saturation. 
Figure 2 contains the plots of samples on ‘white’ ground 
(open squares and circles) and on ‘black’ ground (solid squares 
and circles). From Fig. 2 it is seen that samples on ‘white’ 
ground lie mostly in the quadrant for the complementary hue 
while those on ‘black’ ground lie mostly in the portion of the 
graph for illuminant hue. Figure 3, showing samples on 
‘gray’ ground, brings out the splitting effect on hue of this 
ground, about half of the samples lying in the illuminant 
quadrant and the rest in the complementary region. The 
curves for ‘gray’ ground might be regarded as a combination 
of the curves for the corresponding ‘black’ and ‘white’ 
grounds. All the curves show that, contrary to the usual 
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Fic. 2, Curves showing lightness-saturation relationships. Negative saturations 
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indicate several identical reports. 
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view based on the implications of the color pyramid, maximum 
saturations occur with lightest or darkest samples, depending 
upon the background. 

Differences in the exact relation between lightness and 
saturation are revealed in Fig. 2 for the different illuminations. 
The increase in saturation with increase in lightness for cases 
above the achromatic point appears to be linear for the green 
and yellow illuminants, with no falling off in saturation as the 
samples get lighter, as we should expect from the color pyra- 
mid. In the blue illuminant, however, maximum saturation 
is found at about medium lightness followed by a definite 
drop in saturation with higher lightnesses. The results for 
the red illuminant give curves falling between the green and 
yellow on the one hand and the blue on the other, the light- 
ness-saturation curve for the red tending to flatten out (but 
not to drop) after medium lightness. Unfortunately the 
red curve of the S whose results are plotted in Figs. 2 and 3 
do not show this characteristic as well as other Ss do. The 
curves on the ‘gray’ ground (Fig. 3) show no tendency to 
flatten or drop above the achromatic point because this 
ground does not lighten samples as much as the ‘black’ 
ground does. All curves for all illuminants show no tendency 
to flatten or inflect with decreasing lightnesses below the 
achromatic point so here we san say that the relationship 
between lightness and saturation is inverse and _ linear 
throughout. 

The results with the various illuminants parallel the well- 
known fact that the most saturated blue surface colors are 
dark, whereas the best yellows are light. The similarity of 
behavior under the yellow and green illuminants may be due 
to the fact that the green illuminant had a strong yellow 
component as shown by reports on the light samples (Table 
4). The tendency of the red curve to flatten with increasing 
lightness seems to indicate a truly intermediate type of be- 
havior on the part of red as against yellow and blue; perhaps 
this type of behavior would be expected if the yellow and 
green curves could be experimentally extrapolated to higher 
lightnesses. 
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Fic. 3. Curves showing lightness-saturation relationships on ‘gray’ background 
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reports. 
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The tendency of Ss to judge samples in groups is clearly 
evident in Figs. 2 and 3, wherein clustering of points appears 
frequently.® Grouping of samples occurs when color differ- 
ences are small and difficult to judge. If the saturation- 
lightness functions are known for each illuminant, then we can 
predict the colors of the various samples and can point to the 
ones which have been wrongly reported by a hasty or other- 
wise incompetent S. At present we do not have enough 
evidence to assert that the relationships given in Figs. 2 and 3 
are general for the illuminants in question. Results for 
selective samples on selective backgrounds in chromatic 
illumination give a more complicated picture. This question 
needs investigation under a greater variety of conditions— 
a task upon which we are now engaged. 


EFFrect oF INTENSITY CHANGES ON LIGHTNESS 
AND SATURATION 


While it has been known that there is considerable 
‘brightness constancy’ the usual references to it do not 
convey any notion of the amount of constancy in a quantita- 
tive way. Weare interested in the effect of known changes in 
illumination intensity on the lightness and saturation of 
colors. Table 6 contains reports on hue, saturation, and 
lightness of the three crucial samples among the 19 non- 
selective ones used in our experiments, viz., the ‘white,’ ‘gray’ 
and ‘black’ samples. The results for only the extreme in- 
tensities having a ratio of 1 to 96 have been given in Table 
6 since one of the medium intensities is reported in Table 4. 

Inspection of Table 6 reveals that large changes in intensity 
of illumination have comparatively little effect on the hues, 
saturations, and lightnesses of the non-selective samples in 
chromatic illumination. We have found that mere change 
of background reflectance has greater effect on hue shifts and 
other attributes than changes in intensity of illumination. 
While a slight tendency is evident for lightness and saturation 
to drop about one step at the lowest intensity, the preservation 


® Part of the clustering is no doubt due to the fact that some of the samples have 
practically identical reflectances and cannot be expected to have different colors. 
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of lightness values with change in intensity helps maintain 
hue and saturation constancy. Raising or lowering the 
illumination as such which affects both ground and samples 


TABLE 6 


SHOWING THE EFFEcT OF CHANGES IN INTENSITY OF CHROMATIC ILLUMINATION ON 
Non-SELECTIVE SAMPLES ON DIFFERENT BACKGROUNDS 


Red Illumination 
Sample 7.0 f.c. 0.073 f.c. 

Wh Gr Bl Wh Gr Bl 
R_ 9.0/3.0] RY 8.0/7.5] yR 7.5/7.0] RY 7.5/4.0] yR 7.5/8.0] yR 7.0/8.0 
4.5/0.0] RY 5.0/1.0] yR 4.5/4.0] 4.5/0.0} 3.0/0.0] yR 4.0/3.5 
BG 2.0/8.0] BG 2.0/5.0} 0.0/0.0] bG_ 1.2/7.0] BG 1.0/1.5] 0.0/0.0 

Yellow Illumination 
49.0 f.c. 0.510 f.c. 
Y 9.0/7.0} Y 9.0/8.5} Y 8.5/8.0] Y 8.5/5.0} Y 8.0/7.0} Y 8.0/8.0 
RB 5.0/1.5} Y 5.0/1.5} gY 5.5/3.5} A 4.5/0.0} 4.5/0.0] YR 5.0/2.5 
RB 1.5/7.0] 2.0/2.5} 0.0/0.0] 0.0/0.0} 0.5/0.5} A 0.0/0.0 
Green Illumination 
5.10 f.c. 0.058 f.c. 
yG 8.5/3.0] YG 9.0/6.0] yG 8.5/8.5] G 8.0/2.5] yG 8.0/6.0] yG 8.5/5.0 
YG 5.0/1.0} 5.0/0.0} yG 4.5/4.0} rB 4.5/2.0] yG 5.0/0.5}G_ 5§.c/0.5 
RB 1.0/6.0} RB 2.0/1.0] 0.0/0.0] RB 1.0/4.5] RB 1.0/7.0] 0.0/0.0 
Blue Illumination 
0.82 f.c. 0.0085 f.c. 
B 8.5/3.0] 9.0/5.0] 8.5/5.0] 8.0/3.0} 7.0/6.0) 7.0/5.5 
RB 4.5/1.0 5.0/0.0} rB 5.0/4.5} A 4.5/0.0} 5.0/0.0} rB 5.0/1.0 


equally leaves the lightness of the individual samples un- 


altered. 


It is interesting that dropping background from 


high to low reflectance or vice versa causes profound changes 
because the relation of sample reflectance to adaptation 
reflectance is changed. Changes affecting the whole field 


So 
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but leaving the gradients (to use Koffka’s term) unchanged 
have but little effect. 

Paralleling the tolerance to large variations in intensity of 
illumination is the tolerance to variations in composition of 
illumination. This concerns the extent of constancy and 
conversion when composition of illumination is altered and 
to this subject we now turn. 


TOLERANCE TO CHROMATIC ILLUMINATION OR 
EXTENT OF CONSTANCY 


The question arises: ‘How much strongly chromatic light 
can be mixed with lamp ” light before samples lose their lamp 
light colors?” Actually we proceeded from the opposite 
direction since we began with strongly chromatic illuminants 
and added incandescent-lamp light (light from the 2850° K. 
source). Under our initial conditions chances for constancy 
phenomena were very much reduced, although some samples 
retained their daylight colors. By adding lamp light until 
most of the samples were reported in their lamp light hues 
(which were identical with daylight reports) we were able to 
obtain a quantitative measure both of the amount of chro- 
matic illumination which can be tolerated before objects lose 
their lamp light appearance and also the extent to which 
objects remain constant. 

The data in Table 7 are based on a selection from the non- 
selective samples and include only the samples of highest, 
medium, and lowest reflectances. From Table 7 we see that 
the darkest sample on ‘black’ ground shows the greatest 
constancy since it is reported as achromatic in all cases. In 
fact ‘black on black’ shows the greatest constancy in all our 
experiments and we can understand why it does from our 
general principle. With the other samples we find that with 
as little as 0.0123 of lamp light in the mixture, samples begin 
to lose their chromatic appearance and when 0.0688 or 7 


7In the interests of accuracy the term ‘lamp’ light will be used in this section 
instead of ‘daylight’ or ‘white’ light as we actually mixed light from the 2850° K. 
incandescent-lamp with the filtered light. However, only slightly different protocols 
would appear had ‘daylight’ been used. 
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percent lamp light is added to the chromatic illumination 
almost all the non-selective samples have returned to their 
lamp light (daylight) appearance, i.¢., are called achromatic 
again. It will be seen from Table 7 that samples on ‘white’ 


| ng 


a ground return to their lamp light appearance before those on 
‘black’ ground which induces the illuminant hue on the 
samples. 

TABLE 7 


SHOWING THE Errect or Appinc Lamp Licut (Coton TEMPERATURE 2850° K.) 
TO CuromaTic ILLUMINATION ON THE CoLoR OF SAMPLES OF HiGu, 
Mepium, anpD Low REFLECTANCE ON THREE BACKGROUNDS 


Red Illumination Plus 0.0045 2850° K. 


Sample W Backed. G Backgd. Blk. Bckgd. 
gB 4.0/0.5 R 4.5/1.0 bR 5.0/6.0 

BG 0.5/3.0 GB 1.0/2.0 0.0/0.0 


Red Illumination Plus 0.0123 2850°K. 


yR 9.5/0.5 yR 9.0/1.0 yR 7.5/4.5 

5.0/0.5 R 5.5/1.0 bR 5.0/4.5 

Red Illumination Plus 0.0688 2850° K. 

RY 9.5/0.5 9.5/0.5 R_ 9.0/1.0 

Yellow Illumination Plus 0.0045 2850° K. 

Y 9.0/3.0 Y 8.0/7.0 Y 8.0/8.0 

on RB 5.0/0.5 Y 5.0/0.5 Y 5.0/4.0 

= Yellow Illumination Plus 0.0123 2850° K. 

rY 4.5/0.5 Y 5.0/0.5 Y 5.0/4.0 
rB_ 0.5/3.0 1.0/1.0 0.0/0.0 

Yellow Illumination Plus 0.0688 2850° K. 

Y 9.5/0.5 Y 9.5/0.5 Y 9.0/4.0 
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TABLE 7 (Cont'd) 


. 


Green Illumination Plus 0.0045 2850° K 


Sample W Backed. G Backed. Blk. Backgd. 
YG 9.5/1.c gY 8.0/3.0 gY 8.0/5.0 
RB 5.0/1.0 5.0/0.0 vG 5.0/4.5 
rB_ 1.0/2.0 RB 1.0/0.5 0.0/0.0 

Green Illumination Plus 0.0123 2850° K. 
ye gY 9.5/0.5 gY 9.0/2.0 gY 9.0/4.0 
4.5/0.0 GY 5.0/0.5 yG 5.0/3.0 

Green Illumination Plus 0.0688 2850° K. 

Blue Illumination Plus 0.0045 2850° K. 
A 10.0/0.0 rB 9.5/0.5 RB 8.0/4.0 

Blue Illumination Plus 0.0123 2850° K. 
RB 9.5/0.5 A 10.0/0.0 RB 9.5/1.0 

Blue Illumination Plus 0.0688 2850° K 
RB 9.8/0.2 A 10.0/0.0 RB 9.5/1.0 


Looking at the facts which we have just presented from the 
point of view of constancy we can say that non-selective 
samples remain achromatic when as much as 93 percent 
chromatic light is added to incandescent-lamp light. This 
fact accounts for the statement so often found in the literature 
that adaptation to colored glasses is so complete that objects 
appear in their ‘normal’ colors after a period of time. This 
statement is true, as Helson and Judd (10) have shown, only 
for glasses which are not rigidly selective in their transmis- 
sions. If only a small amount of spectrally heterogeneous 
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radiation is transmitted, objects will appear in their ‘normal’ 
colors. From the findings given in Table 7 when the intensity 
of the heterogeneous components is only 7 percent of the 
mixture, objects regain their daylight appearance. Con- 
stancy seems to be even more marked for selective samples, 
contrary to the often-expressed opinion that ‘“‘brightness 
constancy is greater than color constancy.” In the work 
with selective samples, to be reported later, we have found 
that with as little as four-tenths of one percent non-homogeneous 
light, most of the samples are recognized even though the lamp 
light color may be contaminated by either the illuminant color 
or its complementary color as a minor component. ‘The greater 
constancy of selective samples in chromatic illumination is 
easily understood in terms of the reflecting properties which 
they possess as contrasted with those of the non-selective 
samples. 

Our data furnish the first quantitative evidence of the 
extra-ordinary range of constancy effects. The remarkable 
adaptive and adjustive powers of the visual mechanisms have 
not only theoretical importance but practical as well. The 
latter cannot be discussed here but to some of the theoretical 
questions we now turn. 


Wuat Remains CONSTANT IN CHROMATIC 
ILLUMINATION? 


This question has received various answers ranging from 
the assertion that all non-selective samples remain achromatic 
in homogeneous illumination to the assertion that constancy 
is nil for selective samples in chromatic illumination (Buhler, 
4; Kardos, 23; Krauss, 31). Both views are invalid as 
generalizations apart from special conditions under which 
they have some truth. Non-selective samples near the 
achromatic point remain achromatic in homogeneous illumina- 
tion, others do not. Selective samples whose daylight color 
is similar to the illuminant color or complementary to it, if 


8 Among the practical implications of our findings on the tolerance to chromatic 
illumination may be mentioned its importance for the glass industry, theater lighting, 
specifications of sources of illumination and transmissions of filters used as glasses for 
reducing glare or intensity of light reaching the eyes. 
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the latter are of low reflectance, retain their color more or less 
in chromatic illumination. On the other hand, non-selective 
samples may be chromatic and selective samples may be 
achromatic in chromatic illumination. Thus Kaila’s general- 
ization (22) that the changes in color in ‘abnormal’ illumina- 
tion are toward the ‘object color’ holds only for special re- 
flectances, provided ‘object color’ means daylight color of 
the object.°® 

We have seen from the observations reported in Table 4 
that what will remain achromatic when non-selective samples 
only are used depends on the adaptation level and this, in 
turn, depends chiefly upon the background. By appropriate 
choice of backgrounds we can shift a sample from achromatic- 
ity to illuminant or complementary color. Some possibilities 
are ruled out, however. Thus we cannot make the sample of 
lowest reflectance take on the illuminant color, nor can we 
make the sample of highest reflectance take on the com- 
plementary color. The secret of generalization for ‘achro- 
matic’ samples lies in the relation of sample to adaptation 
reflectance and our reason for stressing this fact springs from 
its complete neglect by previous workers. 

The application of our principle to predictions of changes 
in selective samples in various illuminants involves nothing 
fundamentally new yet the fact of selective reflectance makes 
its discussion more complicated and this we leave to a later 
paper. 


CoLtor CONVERSION AND THE FILM-SURFACE 
DIcHOTOMY 


It cannot be denied that important differences exist 
between the aperture and surface modes of color appearance 


® The concepts of ‘regression to real characters’ proposed by Thouless (36) and 
of ‘intended object’ proposed by Brunswik (3) seem to be more applicable to constancy 
of form than to color constancy because it is impossible to assert that ‘daylight’ colors 
are more real than any other color which an object may have. By neither of these 
concepts can we predict how the color of objects will change with change in illumination, 
background, efc., since the S neither ‘intends’ nor knows what the ‘real’ color of the 
object is under strongly chromatic illumination. The assumption of some psychologists 
and colorimetrists that the aperture color is the ‘real’ color of the object is equally 
untenable and has retarded the progress of visual science and should be given up. 
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and the contributions of Katz (26) to our knowledge of these 
and the other modes constitute the outstanding contribution 
to the psychology of color in this century. The assumption 
has been made very frequently, though implicitly, that in the 
aperture mode we ‘see’ what is given on the retina while in the 
other modes perceptual, memorial, or other ‘higher’ psycho- 
logical processes are involved. While largely given up by 
psychologists there are still some who cling to ‘real’ vs. 
imaginal or perceptual attributes of colors and so we must 
show that the functional differences between the aperture 
and surface modes do not justify any such dichotomy even 
though descriptive differences do characterize the various 
modes. 

First, contrary to the usual assumption according to which 
aperture colors have only the color of the illuminant, we 
find that they are subject to the operation of our principle. 
Thus if we illuminate the side of the reduction screen facing the 
S with strongly red illumination and gradually then reduce the 
intensity of the red illumination behind it, the aperture color 
changes from red to achromatic to blue-green. The effect 
on an aperture color of illuminating the screen with chromatic 
light is, of course, always toward the complementary color 
because the aperture does not act as a reflector. Only if 
the reduction screen is of very low reflectance and free from 
illumination can we be sure that the aperture color will not 
be affected, as others have also found (Kardos, 22). This 
fact does not invalidate the reduction screen as a device for 
making matches between colors provided that the surround- 
ings of both aperture colors are identical. The question has 
arisen as to whether the identity should be merely apparent 
or physical as well. Experimental results are conflicting as 
some writers maintain that contrast effects are determined 
by the phenomenal gradients (Gelb, 6) while others (Katz, 
26, Kravkov and Paulsen-Baschmakowa, 34) assert that the 
reduced or physical relations determine contrast. In all 
of the experiments reported the eyes were not exposed to 
unitary illumination conditions and so it is useless to expect 
univocal results or valid generalizations. When the eye is 
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subjected to a single illumination, when differences in the 
field are subordinated to the general illumination, and when 
reduction screens are illuminated in the same way then we 
find no differences between surface and film colors so far as the 
effects of surroundings are concerned. 

Secondly, the assumption that contrast is peripheral and 
constancy is central (Katz, 26, G. E. Muller, 39) or that there 
is both a peripheral and a central contrast (Haack, 9) must be 
given up with the assumption that aperture colors are peri- 
pheral and other modes are central. Much of the difficulty 
in judging ‘transformed’ colors disappears when unitary 
illuminations are used and conditions are made sufficiently 
compelling, as has been noted by Marzynski (38); Gelb (7, 8); 
Kravkov (33, 34, 35); and Katona (25). With the recognition 
of the fact that individual differences are no greater for 
transformed than for aperture colors and with the demonstra- 
tion that aperture colors are subject to our principle as well 
as surface colors, the props for the assumption of different 
loci for these phenomena are taken away. Only when no 
light is falling on the reduction screen can one be sure that 
aperture color is free from contrast and transformation effects. 
We have found no reason either in our own work or in the 
reports of experiments in the literature to admit that our 
single principle does not cover all cases. All the evidence, 


when properly interpreted, points to a unitary mechanism 
underlying all the phenomena. 


Conversion, Contrast, ADAPTATION, AND 
CoNnSTANCY 


The failure to recognize that a single principle operates in 
every act of vision has been responsible for the many conflict- 
ing views regarding the relation of contrast to constancy, of 
adaptation to constancy, and of constancy to conversion, etc. 
Our principle makes but the one assumption, fully borne out 
by the facts, v7z., in every act of vision provided the eye is 
subjected to a unitary illumination there is established an 
adaptation reflectance or achromatic point such that there 
exists at least one sample whose reflectance is such that it 


‘ 

‘ 

~ 

‘ 


470 HARRY HELSON 


will be seen as achromatic. This adaptation reflectance 
is determined chiefly by the background reflectance but is 
influenced by reflectances of the samples in the field, parti- 
cularly in the case of backgrounds of high reflectance, when it 
is found to be lower than the background reflectance. The 
hue, saturation, and lightness of the samples in the viewing 
field then become functions of the relation of sample to back- 
ground reflectance in the manner pointed out above. This 
principle holds also for non-selective samples in heterogeneous 
illuminations as well as to selective samples in homogeneous 
illuminations.!° 

It is evident that the classic views of contrast and adapta- 
tion as well as more recent theories of constancy and contrast 
cannot be made to yield what is contained in our formulation. 
On the other hand, our principle comes into conflict with the 
classic views at certain points where the latter fail to explain 
the facts correctly. Thus the classic view that contrast 
effects are greatest when brightness differences are least 
cannot explain our fact that the greater the difference between 
ground and sample brightness the more saturated will be the 
contrasting hue of the latter. We are able to explain certain 
facts of contrast without the assumption of a ‘brightness’ 
contrast in addition to the chromatic contrast of the classical 
view which leaves out the effect of the illumination on the 
samples. The desaturation of contrasting colors when the 
contrasting fields are widely different in brightness we explain 
as due to the induction of the white of the illuminant or its 
complementary black, because in most cases the observations 
are made in fairly white light. Not only does our explanation 
simplify the theory of contrast but it serves to relate contrast 
to constancy and conversion by bringing in the illumination. 

Some writers who have seen the shortcomings of the 
classic view of adaptation have tried to dispense with its 
effects altogether in explaining constancy (for example, Katz, 
26), while others have attempted to make adaptation do more 

10 While the members of the Vienna school have stressed the importance of re- 


flectance (albedo) for non-selective samples they have not seen that it is of equal, 
if not greater, importance for selective samples. 
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than it usually does, ¢.g., Koffka when he writes: “in mono- 
chromatic illumination all objects should appear neutral 
inasmuch as according to our principle of the neutral level the 
whole visual field should look neutral and therefore differences 
in intensity appear as differences in the black-white and the 
dark-light dimension”’ (28, p. 257-258). We have seen that 
adaptation usually does not render backgrounds and samples 
of high reflectance achromatic in homogeneous illumination 
and the appearance of the complementary hue with samples of 
low reflectance makes Koffka’s principle doubly invalid. The 
effect of adaptation is to establish a region or point of achro- 
maticity beyond which, in homogeneous light, the illuminant and 
its complementary hues appear. Adaptation cannot reduce 
surfaces of high reflectance to achromaticity. Adaptation, 
as Katz has rightly seen, cannot account completely for all 
cases of constancy, but it can establish, as Koffka has rightly 
seen, a level or point with respect to which the phenomena 
are to be explained. 

Our use of strongly chromatic illumination, at first 
apparently ‘unnatural’ and restrictive, proves the best means 
for demonstrating the existence of an adaptation reflectance 
and its dependence on ‘average’ reflectance with its resulting 
effect on constancy and conversion. Chromatic illumination 


thus furnishes the key to the essential unity of all the phe- 
nomena of vision. 


INDIVIDUAL DIFFERENCES IN COLOR CONVERSION 


Individual differences in transformation and color percep- 
tion under ‘abnormal’ illumination have been stressed in the 
literature and used as an argument for the central origin of 
some of the phenomena which seemed to obey no law. While 
we have found differences in report among our Ss they do 
not substantiate the view that phenomena of constancy, 
conversion and contrast are mediated by different parts of the 
visual mechanism or in different regions of the nervous 
system. ‘There are several sources responsible for individual 
differences in report under conditions of ‘abnormal’ illumina- 
tion, most of them capable of control and largely eliminable 
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with practise and control of conditions. Yet though there 
are real differences in color vision which cannot be regarded as 
artifacts they cannot be used in favor of central or peripheral 
theories of the various phenomena we have been discussing. 

First among the genuine individual differences which we 
have found is the position of the achromatic point." With a 
given background some Ss report sample 15 (Table 4) achro- 
matic while others report 17; some Ss report a single sample 
achromatic, others a whole range of samples under identical 
viewing conditions. One of the reasons for the latter type of 
report is to be found in the tendency of some Ss not to report 
small amounts of chroma. This may be due to lesser sensitiv- 
ity or to less care in observation and report, more frequently 
the latter because when Ss are warned to report ‘everything 
you see’ fewer achromatic reports are given. The position 
and range of achromaticities for any S are important since 
they determine the reports of illumination and complementary 
colors. 

Genuine differences in sensitivity seem to exist with respect 
to the emergence of the various components in the after- 
image. Thus in red illumination one S reports no intermedi- 
ate RB in passing from A to bG whereas all other Ss report an 
R component before passing either to gB or to BG (Cf. 
Table 4). To take another example, where some Ss report 
R others report RY or, if the range of achromaticity is great, 
others will report as A samples which the former Ss have given 
as R or RY. Greatest differences are found where the 
judgments are hardest, 1.¢., near the adaptation reflectance 
for here the samples tend to lose in saturation and difficulty 
is experienced in reporting slight saturations. Furthermore, 
there is a good deal of fluctuation in hue as the eyes move over 
the sample plane especially if S fixates steadily for even 
several seconds. 

Certain agreements in difference appear: under the red 
illumination, four Ss give reports showing a decidedly blue 


11 Pierce (40) has pointed out that differences in retinal'pigmentation can lead to 
differences in judging and matching colored stimuli. Variations in density and dom- 
inant hue of the macular pigment may shift the “ white point” of normal trichromats 


(40, p. 34). 
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inducing effect on the samples from ‘white’ ground while these 
same Ss show a red inducing effect with the blue illuminant 
(see Table 4 as the results of the S reported there show this 
tendency). With the yellow illumination one S (the S given 
in Table 4) shows an R component in the dark samples on 
W and B grounds while five other Ss show this tendency only 
on the W ground. Excellent agreement was found with the 
green illuminant and the B and G grounds but with the W 
ground three Ss called the lightest samples YG or yG while 
three others called these samples A. 

Judgments of lightness show some variation with respect 
to ‘level.’ Some Ss raise all the values on the ‘black’ as 
contrasted with the ‘white’ ground while others do not. 
Some Ss tend to call the lightest sample in the field 10, the 
maximum allowed, and to judge the others accordingly, while 
other Ss ascribe lower values to the lightest samples. Simi- 
larly, values for saturation may be raised or lowered as a 
whole and the highest saturations may be given the maximum 
permitted or something less, depending upon the individual 
S. But none of the individual differences we have found 
justify the separation of contrast from constancy mechanisms 
as Katz (24), G. E. Miller (34) and others have sought to do. 
By appropriate choice of conditions we have found a single 
principle applies to all the phenomena and this points to a 
single underlying mechanism. 


SUMMARY 


Non-selective samples in chromatic illumination have been 
shown to exhibit the color of the illuminant, the color of the 
after-image complementary to the illuminant, or achro- 
maticity, depending upon the relation of the reflectance of the 
sample to the adaptation reflectance. Change of background 
has been found sufficient to shift the color of a sample from the 
illuminant color to achromaticity or to the complementary 
color. The neglect of the effect of background in previous 
studies invalidates the theories proposed for phenomena 
obviously ‘springing from this source. Constancy is found 
either when the illuminant is not sufficiently homogeneous for 
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conversion or when sample and adaptation reflectances happen 
to coincide. Quantitative determinations of the extent of 
constancy and the beginnings of conversion are reported for 
the first time. 

Theories which assign more or less independence to object 
as against illuminant color, which separate constancy, con- 
trast, adaptation, and conversion, and which ascribe different 
behavior with respect to these mechanisms to film and surface 
modes of viewing are shown to be based upon one-sided 
conditions under which the observations were made sup- 
porting them. A single principle has been found adequate to 
explain and predict how object colors change with change in 
illumination and background. The fact that one principle 
suffices for illuminant, contrasting, or preservation of daylight 
color argues for a single mechanism underneath the varied 
phenomena of color vision in all conditions. 


(Manuscript received June 6, 1938) 
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EXPERIMENTS ON MOTOR CONFLICT. I. TYPES 
OF CONFLICT AND THEIR MODES OF 
RESOLUTION * 


BY CARL IVER HOVLAND AND ROBERT R. SEARS 
Department of Psychology, Institute of Human Relations, Yale University 


INTRODUCTION 


Lewin! has employed his concepts of vectors and field 
forces in distinguishing three types of motivational conflicts. 
In his Type I conflicts the organism is simultaneously at- 
tracted to two objects with positive valences (¢.g., the child is 
torn between a chocolate candy and a kitten which he wants 
to stroke). This type may be called an approach-approach 
conflict. In Type IJ the organism is simultaneously attracted 
toward an object with positive valence and repelled from one 
with negative valence when both objects occupy the same 
spatial position (e.g., “‘a three-year-old boy wants to fetch a 
rubber swan out of the water to the beach, but is afraid of 
the water” (p. 92)). This variety will be referred to as an 
approach-avoidance conflict. Type III is a conflict between 
incompatible avoidance reactions to two objects with negative 
valences (¢.g., “‘it is sought by threat of punishment to move 
a child to-do a task he does not want to do”’ (p. 91)). This 
is labelled an avoidance-avoidance conflict. A fourth type, 
perhaps more nearly approximating real life conflicts than 
these three, may be educed—that in which the organism faces 
two interlocking Type II situations at once (e¢.g., a man has 
two desirable appointments at the same hour, the neglect of 
either of which will produce punishment or disappointment). 

* The writers are indebted to Mr. Chester J. Hill and Mr. R. L. Wanamaker for 
assistance in collecting the data on which this paper is based, and to the Connecticut 
State Y. M.C. A. for providing facilities for part of the research. This study was pre- 
sented in brief at the Meetings of the American Psychological Association at Minne- 
apolis, September, 1937. | 

1 Lewin, K. A Dynamic Theory of Personality. New York: McGraw-Hill, 1935. 


All succeeding references to Lewin refer to this volume. 
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From his postulates Lewin deduces (pp. 88-96) that the 
resolutions of his three types of conflict will be markedly 
different. Type I should produce little blocking and the 
organism should approach one or the other of the objects 
with positive valences. Conflicts of Type II and Type III 
should lead, in general, to resolution by withdrawal from the 
field of forces, although the specific behavior to be observed 
will depend on a number of collateral factors. 

Because of the difficulty of getting these motivational and 
emotional conflicts uncomplicated by other factors, it seemed 
desirable to investigate conflicts at the motor level where 
precise control of the experimental situation and accurate 
measurement of the resolutions are possible. It is hoped that 
uncovering of the major variables at this level will permit 
greater efficiency in later investigations of more complex 
conflict phenomena. The motor conflict was obtained by 
having a subject practice, in random order, two incompatible 
manual responses and then presenting simultaneously the two 
lights which had served as signals for the two individual 
responses. 


METHOD 


A pparatus.—The manual responses between which conflicts were developed are 
most easily described in connection with the apparatus (Fig. 1). The subject sat at a 
table on which was a smooth metal plate, 6 X 6 inches, which was bordered by brass 
strips 1 inch wide and 1/4 inch thick (B). The two side strips were raised 1/4 inch so 
that 6-inch-wide stylograph paper (P) would slide through and serve as a wax surface 
6 inches square on which the subject could mark. At the middle of the side toward the 
subject a small nick (N) was cut in the inner edge of the brass strip. The subject 
rested his pencil in this at the beginning of each trial. For study of Types I and III 
conflicts an uncolored flash-light bulb in porcelain socket was mounted on the brass 
strip at each of the two corners away from the subject (Z). Across the table from the 
subject, behind a large screen, the experimenter sat before a set of switches which 
permitted him to flash either of the lights alone or both together. For study of Type 
II conflicts the single socket at each corner was replaced by a pair of sockets arranged 
diagonally so that each member of the pair was approximately equi-distant from the 
nick in which the pencil rested. A red and a green flash-light bulb were placed on one 
corner. For Type IV conflicts red and green pairs of lights were placed at both corners. 
Switches were wired so that, in addition to a single light, both lights on one side or all 
four could be flashed simultaneously. 

Instructions and Procedure—The subjects were divided into four groups, one for 
each type of conflict. 
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Group I1.—The subject was instructed to rest the point of his pencil on the wax 
paper in the nick and respond as quickly as possible to the flash of a light by drawing 
a diagonal line directly from the nick to the corner at which the light flashed. After 
10 reactions toward each light, in random order, both lights were flashed simultaneously 
as the 21st trial (approach-approach conflict). 

Group II.—A red and green light were placed at one corner of the board only and 
the subject was instructed to go toward the flash of one (¢.g., green) and away (opposite 
corner) from the flash of the other. On the 21st trial the two lights were flashed simul- 
taneously (approach-avoidance conflict). Three variables were involved in this situa- 
tion which did not occur with Types I and III: (1) Side—the corner of the board, 
right or left, on which both stimuli were placed, (2) Position—the position of the 2 
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Fic.1. Diagram of the conflict board. (P = roll of stylograph paper; B = brass 
border; N = nick in which stylus rests and from which reactions start; L = lights.) 


bulbs relative to one another, whether outside or inside, and (3) Instructions—the 
character of the instructions, whether to approach or to avoid, in relation to the color 
of the light. In order to determine whether any of these 3 variables would influence 
the kind of resolution made to the Type II conflict the group was divided into 8 sub- 
groups of 20 subjects each; these 8 sub-groups permitted the presentation of each 
variable in each of its 2 degrees of freedom with each of the other two variables occurring 
in each of their 2 degrees of freedom. ‘Table 1 indicates the various combinations 
required for adequate control. In the first sub-group, for example, the lights were at 
the left corner of the board, the red bulb being the outside member of the pair, and the 
instructions were to go toward the green bulb and away from the red. Exactly opposite 
conditions obtain in the sixth sub-group. 

Group III.—This group was treated essentially the same as Group I except that 
the subject was told to go to the opposite corner (away from light) in response to the 
flash (avoidance-avoidance conflict). 
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TABLE 1 


Tue 8 Sus-Groups NECESSARY FOR CONTROLLING THE 3 ExTRA VARIABLES 
In Type II Conruicts 
Side = side of board on which lights were placed. Position = position of red 


bulb, whether in inner or outer socket. Instructions = instructions to subject, 
whether to go toward or away from red light. 


Variables 
Sub-group N 
Side Position Instruction 
I 20 left out away 
2 20 left in toward 
3 20 left out toward 
4 20 left in away 
5 20 right out away 
6 20 right in toward 
7 20 right out toward 
8 20 right in away 


Group IV.—Pairs of red and green bulbs were placed at both corners of the board 
and the subject was instructed always to go toward the green light and away (opposite 
corner) from the red light, no matter on which side a light appeared. Since this situa- 
tion involved differential reactions to 4 lights instead of only 2, more trials to each light 
were given before the conflict stimulation was presented. Instead of 20 simple re- 
sponses there were 80 and the conflict stimulation was presented as trial 81 instead of 
trial 21. The subjects were divided in 2 sub-groups; a, those to whom a Type II 
conflict was presented by simultaneous lighting of the red and green bulbs on only one 
side, half the subjects being presented with the left pair and half with the right pair; 4, 
those to whom a Type IV conflict was presented by simultaneous flashing of all 4 lights. 

The light flashes in all cases were presented by manual switches, the duration of 
each stimulus for the practice trials being approximately 1 second. Duration of 
stimulation on the conflict trials was slightly longer. 

Subjects.—Groups I and II] were each composed of 80 Yale students who were paid 
for their services; the majority of them, from elementary and social psychology classes, 
volunteered to serve at a nominal fee. Group IJ was composed of 74 Yale students 
who were paid for their services, and 86 members of a Y. M. C. A. boys’ camp, aged 13 
to 19, who served voluntarily. Group ]1V was composed of 66 Yale students who were 
paid for their services. In no case was any subject used in more than one group. 


RESULTS 


The experimental situation was designed to force as much 
as possible a resolution of the conflict at the manual level and 
within the field of conflict. It was impossible to prevent ver- 
bal or imaginal resolutions completely (e.g., laughter, giggling, 
swearing, shifting of attention from board to experimenter) 
but in so far as manual responses occurred, the nature of the 
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board prevented physical withdrawal from the field in every 
case. 

Modes of Resolutions —Analysis of records suggested that 
there were 4 easily identifiable kinds of reaction to conflicts, 
3 of which can clearly be called resolutions; the fourth, com- 


Fic. 2. One form of the Double mode of resolution. 


plete blocking, is probably an accompaniment of some un- 
measured and non-manual resolution. These 4 reactions 
were as follows: 

1. S—single response only; 1.¢e., drawing a line directly 
to one of the two lights. 

2. D—double reaction; 1.e., response to both signals. In 
nearly all cases this involved going to the corner designated 
by one signal, returning quickly to the nick and then going 
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to the opposite corner. In a few cases the first movement 
was followed by drawing a line directly across the top of the 
board to the opposite corner (Fig. 2). 

3. C—compromise movements by going up the center of 
the board half way between the 2 corners (Fig. 3). 


Fic. 3. Compromise mode of resolution. 


4. B—blocking; no manual response whatever. Pre- 
sumably every conflict must eventually be resolved; blocking 
may represent an unusually long reaction time. 

A quantitative comparison of the modes of resolutions 
characteristically made to the first three types of conflict 
situations is presented in Table 2. The contrast between 
the resolutions to Types I and III conflicts is immediately 
apparent. With the former type only 8.75 percent of the 
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TABLE 2 


Tue Proportion AND S.D. oF THE Proportion oF CAsEs, IN PERCENTAGE, 
RESPONDING WITH Eacu oF 4 Mopes or Reso.ution To Eacu 
oF 3 Types or ConrFLict 


Mode of Resolution 


% |ISD.%| % |SD.%| % |SD.%| % |SD.% 


Ere 80 | 57.50 5.6 21.25 4.6 12.50 


3.8 8.75 3.2 
TET 160 14.37 2.8 46.88 4.0 10.63 2.5 28.12 3.6 
ee 80 17.50 | 4.3 7.50 3.0 28.75 5.1 46.25 5.6 


subjects blocked and only 12.5 percent carried out a com- 
promise movement. Subjects confronted with a Type III 
conflict blocked in 46.25 percent of the cases, however, and 
28.75 percent of them made compromise movements.” If the 
B and C modes of resolution are summed,’ Type I has only 
21.25 percent (S.D. = 4.6 percent) of these resolutions, while 
Type III has 75.0 percent (S.D. = 4.9 percent). Type II 


TABLE 2a 


THE Proportion oF Cases, IN PERCENTAGE, RESPONDING WITH Eacu oF 4 Mopes 
oF REso._uTIoNn To Type IV Conrticts (80 PRELIMINARY PRACTICE 
Triats) AND Type II ConrFiicts with CoMPARABLE 
Practice ConpiTIONS 


Mode of Resolution 
Conflict Type N 
S D Cc B 
22 31.8 13.6 54-5 
40 10.0 12.5 5.0 72.5 


conflicts are more typically resolved by double responses and 
present a quite different picture from either I or III. 
The salient characteristic of resolutions to Type IV is 
found to be the tremendous proportion of blocked responses. 
2 A repetition of this experiment, with an apparatus in which the incompatible 
responses were made to 2 lights directly opposite each other instead of at opposite 
upper corners of a V, has yielded similar values but with a reduction of Compromise 


resolutions and an equivalent increase in Blockages. 
3 Evidence will be given below that there is justification for this summing. 
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But the data on Type IV conflicts are not strictly comparable 
to those for the first 3 types because there were 80 training 
trials instead of the customary 20 (Types I, II, III). The 
data are therefore presented separately (Table 2a). To 
determine the effect of the increased training, Group IVa was 
presented with Type II conflicts after training which was 
identical with that of Group IVd (Type IV conflicts). The 
proportion of blockages was not quite as large with the former 
as with the latter but it was still twice as great as the propor- 
tion of blockages in Group II (simple Type II conflicts; Table 
2). There are two factors which may have contributed to 


TABLE 3 


PERCENTAGE OF SuBJECTS EmpLoyinGc Eacu MopeE or RESOLUTION 
witH Type II Conrticts 


Sub-groups are described in Table 1. 


Style of Resolution 
Sub-group N 

S D Cc B 
I 20 15 30 fe) 55 
2 20 10 40 15 35 
3 20 30 xe) 5 15 
4 20 10 65 10 15 
5 20 5 40 20 35 
6 20 fe) 45 25 20 
7 20 20 50 10 20 
8 20 15 50 5 30 


this difference: one, the greater complexity of the discrimina- 
tion task practiced by the subjects of Group IVa, and the 
other, the greater amount of practice on the two responses 
which were in conflict. A systematic investigation of this 
latter factor will be presented in a later paper. 

Control of the Extra Variables in Group II.—In Table 3 are 
given the proportions of cases presenting each of the 4 styles 
of resolution under each of the 8 conditions of the balanced 
control sub-groups described in Table 1. Each sub-group 
contains 20 S’s._ In Table 4 are shown the proportions of each 
style occurring when the 3 factors are varied one at a time. 
For example, sub-groups 1 to 4 had the lights on the left side 
of the board while sub-groups 5 to 8 had them on the right. 
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TABLE 4 


Proportion oF oF THE 4 Mopes oF REsoLuTion OccurRING witH Eacu oF 
THE 3 VARIABLES Hetp Constant. Data FROM TABLE 3 


Variable N S D Cc B 

Side 

ae 80 16.25 46.25 7.5 30.00 

re 80 12.50 46.25 15.0 26.25 
Position 

eer 80 17.50 42.50 8.75 31.25 

| eee 80 11.25 50.00 13.75 25.00 
Instruction 

ee 80 11.25 46.25 8.75 33.75 

yp ee 80 17.50 46.25 13.75 22.50 


Comparison of the first 2 lines of Table 4 indicates that this 
factor (Side) had little or no influence in determining the 
proportion of cases in which each mode of resolution occurred. 
The other 2 variables also seem to have been relatively in- 
operative. The largest difference, that between the pro- 
portion of B resolutions when Jnstructions were to go toward 
or away from the red light, is only 1.5 times its S.E. The 
values for Group II in Table 2 represent the total group of 
160 subjects with each of the 3 variables given equal weight. 

A later paper will present evidence that age differences in 
Group II were related to the mode of resolution of Type II 
conflicts, but since the different aged subjects were equally 
distributed in the 8 sub-groups this factor can be ignored here. 

Consistency of Response to Expected and Unexpected Repeti- 
tions of the Type II Conflicts —Two further problems may be 
raised in connection with the present method of approach to 
the study of conflicts. The first concerns the consistency of an 
individual’s methods of resolving a given type of conflict. 
Such concepts as hysterical or neurasthenic personality pre- 
sume to some degree that individuals have consistent ways of 
behaving in conflict situations and that there are individual 
differences in these ways; these consistencies and differences 
are largely attributed to the individual himself rather than to 
the kind of situation with which he is confronted (cf. Janet). 
The second problem relates to the effect of knowledge about 
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the conflict situation, since it has been frequently supposed 
that such knowledge influences the mode of resolution. In 
order to throw some light on these problems, the 160 subjects 
presented with Type II conflicts were subjected to 4 repeti- 
tions of the conflict situation interspersed with 4o further 
practice trials, 10 practice trials being given between succes- 
sive conflicts. ‘To 80 of the subjects no information about 
the repetitions was given (Group A); they were carefully 


TABLE 5 


NuMBER AND KiNpbs oF Suirts IN MopE oF RESOLUTION DURING A 
SEQUENCE OF § CoNnFLICT TRIALS 
Data are from the 19 S’s in Group A (N = 80) and 22 S’s in Group B (N = 80) 
who made one or more shifts during the series. Column 1 presents the shifts from 
first to second trial (1 — 2). 


Sequence of Trials 

Group | Total 

No. of intra-class shifts...................-] | 
No. of inter-class shifts...................-] 5] 1] 6/0] o]1] 1] 7416 
No. of Single-Double, etc.................. 5| 816}0]6]o0] 2]22]/10 
No. of Block and Compromise Shifts........ Oo} 2}0}/2]/1}o0}]o]{o] 1] 4 


instructed to ask no questions after the experiment started. 
The other 80 subjects were instructed similarly but were told 
after the first conflict that the conflict situation would occur 
4 more times during the experiment (Group B); at that time 
they were again told to ask no questions. Therefore, while 
the first conflict was comparable for all 160 subjects the 
group was divided into 2 sub-groups having different degrees 
of expectation concerning the occurrence of the 4 repetitions 
of the conflict. 

Consistency of Mode of Resolution.—In Table 5 are shown 
for both groups the number and kinds of shifts in mode of 
resolution which occurred from one conflict to another during 
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the sequence of conflict trials. Of the 80 subjects for whom 
the repetitions were comparatively unexpected (Group A), 
19 (24 percent) shifted their mode of resolution one or more 
times each. There was a total of 30 shifts during the series. 
For the whole group of 80 S’s these 30 shifts represented only 
9g percent of the instances when such shifts were possible. 
The subjects of Group B, for whom the 4 additional conflicts 
were expected occurrences, did not differ materially with 
respect to these measures. Of the 80 S’s, 22 (27 percent) 
shifted their mode of resolution 30 times during the series. 
As with the A group this constituted only g percent of the 
instances when such shifts were possible. On the whole the 
subjects of both groups were quite rigid in maintaining a 
uniform method of resolving the conflicts. 

Factors Related to Shifting of Mode of Resolution.—Shifting 
may be, in part at least, a function of the kind of resolution 
which the subject makes on his first trial. Of the 19 subjects 
in Group A who did shift, 10 (52.6 percent) made Single resolu- 
tions on the first conflict trial, whereas of the 61 who did not 
shift, only 2 (3.3 percent) made Single resolutions. ‘The 
difference of 49.3 percent is 4.2 times the S.E. of the difference 
(11.7 percent). | 

In this connection Lewin has suggested that when a 
Type I conflict is resolved either by an ‘oscillation’ between 
the two positions or by approaching one to the exclusion 
of the other shifts from one kind of resolution to another 
may occur rather readily on subsequent occasions. He says, 
*“*. . . a decision for one goal alters its valence in such a way 
as to make it weaker than that of the renounced goal” (p. 
123). The above figures support this contention; a Single 
response on the first conflict is nearly always followed by a 
different response on later conflicts. It is interesting to note, 
however, that these data were secured from 7ype JJ rather 
than from Type r conflicts. While this fact does not in- 
validate Lewin’s observation, it does suggest that the lability 
of Single reactions may perhaps more appropriately be described 
as a characteristic of the reaction than of the objectively described 
freld situation. 
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It was suggested earlier that the Single and Double resolu- 
tions are more closely related functionally to one another 
than to the Block or Compromise modes, and that the latter 
pair also possess a functional similarity; 1.¢., the Single and 
Double form one class of mode of resolution and the Block 
and Compromise form another class. Evidence for this is 
derived from analysis of the modes of resolutions between 
which shifts occurred. Of the 30 shifts which occurred in 
subjects of Group A, 22 were intra-class shifts in the Single- 
and-Double class; 1 shift was intra-class in the Block-and- 
Compromise class. There were only 7 shifts which might be 
called inter-class shifts, e.g., Single to Block. None of the 
7 subjects who made an inter-class shift made more than the 
one shift, whereas the 12 subjects who made intra-class shifts 
averaged 1.9 shifts per subject. 

Effects of Expectation on Mode of Resolution.—Analysis of 
the shifts made by the 22 shifting subjects of Group B leads 
to the conclusion that expectation of further conflict at first 
increases and later decreases the number of shifts. Of the 
total number of shifts, 90 percent occurred on the first two 
possible occasions and only Io percent on the last two; 
corresponding values for Group A are 55.2 percent and 44.8 
percent. The difference (34.8 percent) is 3.2 times its S.E. 
(10.8 percent). 

A second effect of expectation appears to be a reduction of 
the stability of zntra-class vs. inter-class shifts. Whereas 76.7 
percent of all shifts with Group A were intra-class, in Group 
B only 46.7 percent were. This difference (30.0 percent) 
is 2.6 times its S.E. (11.7 percent). With this group there is, 
as in Group A, a much greater amount of intra-class shifting 
in the Single-Double than in the Blockage-Compromise group. 
It is apparent that on the basis of the results from Group B 
there would be no justification for presuming the functional 
similarity of B and C as opposed to D and S resolutions, but 
'Group A, without the extra variable of knowledge about the 
situation, seems to present a more basic condition from which 
to determine the existence of such a factor. 
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A third effect of expectation is a reduction in the number of 
Single resolutions. In Table 6 are shown, for each group, the 
number of cases of each mode of resolution on the 5 successive 
conflict occasions. Group B differs only slightly from Group 
A on the first occasion, 1.¢., when the 2 groups were compar- 
able. The former produced more Compromise responses 
(critical ratio = 1.2) and the latter more Double responses 
(critical ratio = 1.4). The proportion of total cases giving 


TABLE 6 


PERCENTAGE OF Eacu Mope or Reso.uution To Type II Conriicrs OccurRING IN 
Eacu Group on Eacu oF THE § Conruict Occasions. Group A: 
Unexpectep Repetition; N = 80. Group B: Expecrep REPETITION; 


N = 80 
Mode of Resolution 
Conflict Trial Group 
S D C B 
. A 23.75 7.50 53-75 15.00 
B 32.50 15.00 38.75 13.75 
. A 26.25 8.75 §2.50 12.50 
B 35.00 11.25 48.75 5.00 
A 26.25 8.75 53-75 11.25 
3 B 36.25 15.00 46.25 2.50 
A 25.00 10.00 53.75 11.25 
4 B 36.25 15.00 46.25 2.50 
A 25.00 8.75 51.25 15.00 
5 B 36.25 16.25 45.00 2.50 


Single responses was almost identical. Examination of the 
Single column of Table 5 will show, however, that on succeed- 
ing occasions there was a marked decrease in number of 
Single resolutions in Group B, whose members expected 
further conflicts. "The mean proportion of Single resolutions 
in Group A on conflict trials 2, 3, 4 and 5 was 12.5 percent 
(o = 3.7 percent) and in Group B was 3.1 percent (¢ = 2.0 
percent). The difference between these 2 values (9.4 percent) 
is 2.2 times its S.E. (4.2 percent). It appears, then, that 
expectation of future conflicts reduces the proportion of 
Single resolutions occurring to those conflicts. 
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DIscUSSION 


How much justification there may be for relating these 
simple motor conflicts to the major emotional ones with which 
Lewin has dealt is a serious question. It has been fashionable 
from time to time in the history of psychology to consider such 
uncomplicated situations as analogues or prototypes of those 
with which the psychologist is more actively concerned (cf. 
nonsense syllables or the conditioned response). Whether 
manual motor conflicts and complex emotional ones operate 
according to the same laws is still a matter for experiment. 

But a more basic problem arises in connection with the 
term ‘type’ as it has here been used in distinguishing the 
different kinds of conflict situations. The depiction of a 
Type I conflict, for example, as a conflict between two 
antagonistic approach reactions is oversimplified. Inevitably 
reaction toward one of the goals precludes reaction to the 
other. Hence, frustration resulting from the relinquishing of 
the other will be produced. Similarly there are probably few 
pure Type III conflicts. Successful escape from one of the 
conflicting situations typically plunges one directly into the 
opposed conflict situation. Thus it appears that realistic 
conflict situations are invariably Type IV conflicts with each 
alternative capable of producing both satisfaction and frustra- 
tion, and it may be said that the several ‘types’ differ merely 
in the relative strengths of their positive and negative reaction 
systems. 

The analysis of conflicts by Lewin has been entirely in the 
conceptual terminology of his field theory. Buta translation 
can readily be made into actual behavior and the results 
obtained systematized with concepts derived from reaction 
psychology. If such a systematization is attempted a 
minimum of five postulates would be required. These may be 
briefly stated: 

1. The instructions to ‘go toward’ or ‘go away from’ 
establish, respectively, positive (approach) and negative 
(avoidance) reaction systems to the lights. 

2. Practice strengthens these reaction systems. 
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3. In any approach or avoidance reaction system there is 
a differential gradient of excitation from the beginning of the 
reaction to its end. Both increase in strength from beginning 
to end. 

4. Positive and negative gradients which are simultane- 
ously instigated summate algebraically if the two reactions 
are incompatible. 


5. The two reaction tendencies are never exactly equal 
in strength. 


The consequences of these 5 statements or postulates for 
simple motor conflicts are easily derived. Figure 4 shows the 
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Fic. 4. The gradient of excitation from starting point to end of reaction at the 
lights. (4) Positive gradients of excitation occurring when a Type I conflict is insti- 
gated; each plus sign (+) represents an index unit of positive excitation. (B) Negative 
gradients of excitation occurring when a Type III conflict is instigated; each minus sign 
(—) represents an index unit of negative excitation. 


pattern of gradients for each type of conflict. With Type I 
it is evident that once the reaction to either the right or left 
has begun because of slight inequalities in the reaction 
tendencies it will continue because it becomes increasingly 
strong as it comes nearer to the end, 1.¢., nearer one light or the 
other. Thus single responses of direct approach should 
predominate with Type I conflicts. With Type III conflicts 
the situation is equally clear. Neither reaction can take 
place because movement in either direction will be against a 
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gradient of excitation away from the light. This negative 
gradient gets stronger as the light is approached and therefore 
the lowest point of negative excitation is the starting point.‘ 
Since withdrawal from the field is prevented, the most frequent 
reaction to Type III conflicts would be blocking. According 
to this analysis Type II conflicts should represent an inter- 
mediate group with respect to the amount of blocking, and 
this prediction is substantiated by the experimental results. 

There would seem to be no greater inherent advantages in 
one systematic position than in the other. Both Lewin’s 
system and the one here proposed will encompass the conflict 
phenomena known at present. A choice between them 
depends upon demonstration that one permits more precise 
formulation or has greater deductive fertility than the other. 
A series of investigations is now in progress which is designed 
to test what are believed to be differential predictions from 
the two systems of interpretation. 


SUMMARY AND CONCLUSIONS 


Four manual motor conflict situations corresponding to 
Lewin’s Types I, II and III, and another (our Type IV) 
which logically belongs in the same series, were presented to 
four groups of subjects. The situations were so arranged that 
unless the subject blocked completely there were only three 
possible modes of resolution: responding to one stimulus ob- 
ject alone, responding to first one and then the other, or mak- 
ing an altogether new response.which represented a compro- 
mise between the two incompatible responses. Consideration 
of the results leads to the following conclusions: 

1. Lewin’s statement that Type I conflicts (approach- 
approach) are usually resolved by responding to one or both 
of the stimulus objects was verified. 

2. Indirect verification was given to his statements that 
Types II (approach-avoidance) and III (avoidance-avoidance) 
conflicts are resolved by ‘withdrawal from the field.’ Both 

‘ The operation of such a negative gradient has been experimentally demonstrated 


and discussed by Bugelski, R. and Miller, N. E., A spatial gradient in the strength of 
avoidance responses. J. Exper. Psychol., 1938, 23, 494-505. 
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types produced more blocking and compromise responses 
(III more than II) than did Type I. 

3. These results are shown to be consistent with deduc- 
tions based either on Lewin’s field theory or on a set of five 
postulates deriving from reaction psychology. 

4. The single and double modes of resolution are closely 
related to each other functionally as are the blocking and 
compromise resolutions. 

5. Repeated presentation of Type II conflicts indicated a 
high degree of intra-individual consistency in mode of 
resolution. 

6. Knowledge that a conflict situation would recur did not 
greatly influence the mode of conflict resolution nor the 
degree of consistency of response. 


(Manuscript received May 25, 1938) 
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A SPATIAL GRADIENT IN THE STRENGTH 
OF AVOIDANCE RESPONSES !:? 


BY RICHARD BUGELSKI AND NEAL E. MILLER 


Department of Psychology, Antioch College, and Department of Psychology, 
Institute of Human Relations, Yale University 


I. RELATION OF PROBLEM TO THEORIES OF CONFLICT 
AND LEARNING 


Two basic assumptions in recent theories of conflict * are: 
(1) that the tendency for an organism to approach a goal is 
stronger the nearer the organism is to that goal; and (2) 
that the tendency for an organism to avoid a potentially 
noxious stimulus is stronger the nearer the organism is to that 
stimulus. The first of these assumptions, the hypothesis of 
an approach or goal gradient, has been fairly well supported 
by relatively direct experimental evidence (4, 12, 13). Since 
the second of these basic assumptions, the hypothesis of a 
gradient of avoidance responses, had not yet been supported 
by any such evidence, it seemed desirable to subject this 
hypothesis to direct experimental test. 

A verification of the existence of a gradient of avoidance 
responses would be relevant also to learning theory in that it 
would tend to round out the pattern of evidence which previ- 
ous studies have supplied on the problem of reinforcement. 
Thorndike (14) has demonstrated that the effect of reward 
spreads from more immediate to more remote connections, 
becoming weaker the more remote the connections. Wolfle 
(15) has shown that the strength of conditioning is weaker 


1 The term ‘spatial gradient’ is not defined as a gradient existing independently in 
space, but rather as a gradient in the strength of an organism’s reactions to the stimuli 
(both external and internal) which play upon it when it is at different points in space. 

2 The experimental work on this article was done at the Institute of Human Rela- 
tions, Yale University. The results were reported in part (7) at the meeting of the 
American Psychological Association, Minneapolis, 1937. 

The authors are grateful to Mr. Judson S. Brown for criticizing the manuscript. 

3 Hovland and Sears (2), Hull (5), Lewin (6), Miller (7, 8). 
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the further the conditioned stimulus is removed from a point 
near simultaneity with the unconditioned stimulus. Hull 
(3) has postulated that excitatory tendencies are weaker the 
further the organism is from the goal. Miller and Miles (9) 
have pointed out the similarity in these statements and have 
suggested that they can be conveniently integrated by the 
assumption that “the effect of a reinforcing stimulus varies 
inversely as the remoteness of that stimulus from the act 
which is reinforced.”” Muenzinger, Dove and Bernstone (10) 
have recently secured evidence which seems to support this 
assumption by demonstrating that the goal gradient is really 
bi-directional and hence more similar to the phenomena 
studied by Thorndike and Wolfle than has hitherto been 
suspected. An additional similarity would be demonstrated 
if it could be shown that a gradient in the strength of response 
is produced irrespective of whether approach is being rein- 
forced by reward, or avoidance by punishment. This would 
further support the hypothesis that a single factor, such as the 
generalization of reinforcement, is basic to all of these 
phenomena. 


II. APPARATUS AND PROCEDURE 


The apparatus employed was devised by Miller (7) for use in measuring conflict. 
A schematic diagram of it is shown in Fig.1.  Therat ran ina single alley 5 inches wide, 
54 inches high and 6} feet long. The floor of this alley consisted of a grid of .025”’ 
stainless steel wire stretched across an air gap at 3/8 inch intervals. The hinged top 
of the alley was covered with wire mesh. One end of the alley was made distinctive by 
a round hole 1} inches in diameter through which shone the rays of a 10 watt electric 
light. The room was relatively dark so that this was the chief source of light in the 
alley. To the inside of the top at this end was fastened a 10 by 6 inch plate of glass to 
prevent the rats from jumping up and clinging to the top when shocked. 

The shocks used in this experiment were administered at the rate of 20 square-wave, 
D.C. impulses per second. The strength of current was held constant at 0.8 milli- 
amperes by a simple vacuum tube device (11) which compensated for all ordinary 
fluctuations in the subject’s resistance. The duration of shock (1 second) was con- 
trolled by a small pendulum. 

The details of the running behavior of the rat were recorded accurately in the 
following manner. An ordinary rubber band, 4 mm. broad, encircled the animal behind 


‘We do not mean to use approach and avoidance as fundamental dichotomies 
nto which all responses can be pigeon-holed but merely to use them as convenient 
examples of obviously incompatible responses easily measured in a controlled experi- 
mental situation. In fact, positive results in the present experiment would tend to 
demonstrate that these phenomena are fundamentally similar rather than dichotomous. 


{ 


Compound 
Reduction 


Polygraph 


hvbber band 
Long 


Fic. 1. Schematic diagram of the apparatus for recording in exact detail the 
locomotion of the rat in the alley. The cord from the large wheel of the compound 
pulley was coupled to a short leader of watch chain which was attached by a ring-snap 
to an ordinary rubber band encircling the animal behind its forelegs. The effective 
length of the elastic strip responsible for taking up all slack in the system was increased 
from 12 to 24 feet by a block and tackle not indicated in the diagram. 
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its forelegs. ‘To this was attached a ring-snap on a short leader of watch chain coupled 
to the end of a length of light, flexible fish line. This line was wound around and 
attached to the large wheel of acompound pulley. From the small wheel of this pulley 
a similar line ran to a sliding stylus point which marked on the wax paper of a poly- 
graph driven 1.88 cm per sec. by a synchronous motor. This line was held taut by a 
light strip of rubber whose effective length was 24 feet. Since the large wheel of the 
pulley arrangement gave the rats an 8 to 1 mechanical advantage in operating the easy 
moving stylus, barely enough tension was needed on the line to keep it taut and out of 
the way of the animal’s feet. After a few minutes habituation, most of the animals 
payed surprisingly little attention to their harness. 

The subjects were 30 albino rats approximately 75 days old at the time of the 
experiment. 

Our procedure was to habituate the rats to the alley, train them to avoid the lighted 
end, and then measure the strength of their avoidance responses at various distances 
from that end. 

Prior to the experiment proper the rats in groups of 10 were left for habituation in 
the alley over night without harness. On the next afternoon each rat (alone) was given 
15 minutes of habituation to the harness in the alley. 


START 36 START 12 START 0 


] 
x 
SHOCK POINT 


Fic. 2. The relative positions of start 0, start 12 and start 36 in the alley. 


O 
LIGHT 


The rats were trained to avoid the lighted end of the alley in the following manner. 
They were placed gently at the extreme end of the alley near the light and facing it. 
They were allowed to remain there for 5 seconds after which an 0.8 milliampere shock 
was administered to them for one second. This caused them to retreat immediately. 
After 25 seconds of unmolested freedom in the alley, they were gently picked up from 
wherever they were and held in the hand for 30 seconds. The same procedure was 
then repeated three more times.® 

After each rat had been trained to avoid the lighted end of the alley, he was placed 
for 12 minutes in an individual cage with food and water available. 

At the end of this 12 minute period each animal was given three test trials without 
shock. Fach trial was given from one of three starting positions. ‘The three positions 
used were: (a) Start o in the original shock position immediately in front of the light, 
(b) Start 12 facing the light 12 inches from the original shock position, and (c) Start 36 
facing the light 36 inches from the original shock position. These three positions in the 
alley are illustrated in Fig. 2. 


5 The relatively weak light, by itself, was a neutral stimulus at the beginning of 
the experiment. During habituation the animals investigated all portions of the alley 
and as often as not spent the night next to the opening through which the light entered. 
After several shocks, however, the animals had to be held facing the light for their five- 
second pre-shock orientation period. Control animals, that were shocked at the 
opposite end of the alley, learned to avoid that end and ran toward the light. 
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On the first test trial the animal was placed in the alley at one of the three positions. 
The moment of placement in the alley was recorded by a magnetic marker on the 
polygraph. The animal was left in the alley for 30 seconds during which the exact 
extent and speed of any movements in either direction were recorded. At the end of 
this 30 seconds he was taken out and held in the hand for 30 seconds. Then he was 
given two more similar trials beginning at the two other starting positions. 

In order to administer the 3 trials, each with a different starting position, in a 
perfectly balanced order, the animals were divided into separate squads. Since there 
are 6 permutations of 3 things taken 3 at a time, dividing the 30 animals into 6 squads 


of 5 rats apiece enabled us to run one group in each of the 6 possible orders of the 3 
starting positions. 


III. ReEsutts 


Avoidance Tendency.—It will be remembered that all go 
of the test trials were administered without shock. In 82 


Point atwhich 
had been given Start QO) 


Rat placed in c/ley —> 
Start /2 


Polygraph stopped, 


' 
' 
ret carried backh> 


Start 36 


Fic. 3. A sample record of the three test trials of one rat. 


percent of these test trials the animals ran away from the 
end where they had been shocked. In only 18 percent of 
the trials did the animals fail to start within 15 seconds.’ In 
none of the go test trials did any animal run towards the end 
where he had been shocked. It is thus evident that the four 


6 All of these animals actually started within 10 seconds. 
7 These animals were distributed among the various positions as follows: 2 from 
Start o, 4 from Start 12, and 10 from Start 36. 
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training trials had established a definite tendency to avoid 
the end of the alley where shock had been administered. 
General Pattern of Retreat—Before considering the data 
bearing directly on the problem under investigation, some of 
the more general characteristics of the pattern of retreat will 
be noted briefly. <A typical record of one animal’s three test 
trials is shown in Fig. 3. Most of the runs, about 80 percent, 
were of the relatively smooth or continuous type illustrated 
by this record. Some, about 20 percent, however, were of a 


Fic. 4. Arecord of adiscontinuous run. This was a test run of one of the control 
animals that had been shocked at the dark end of the alley and ran toward the light. In 
this trial the animal ran approximately four feet or two-thirds the length of the alley. 


definitely stepwise or discontinuous type of run. A good 
example of a record of such a run is illustrated in Fig. 4. One 
thing was fairly characteristic of the records of all runs 
whether they were smooth and continuous or steplike and 
discontinuous. This was that the change from standing to 
running tended to be relatively abrupt. The abruptness of 
starting and stopping is evident in Fig. 3, particularly in the 
middle curve where the animal remained practically motion- 
less for a few seconds after being released in the alley and then 
suddenly started to run fairly rapidly. It is even more 
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evident in Fig. 4 where it is obvious that the relatively 
sudden stops could not have been caused by nearness to the 
end of the alley. Such suddenness of shift from stopping to 
running was characteristic of most of the runs recorded. 
Starting Time.—The starting time of each trial was arbi- 
trarily defined as the length of time required by the rat to 
run 3 inches after being placed in the alley. In Fig. 5 the 
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MEDIAN STARTING TIME IN SECONDS 


0 12 24 36 
DISTANCE OF STARTING POSITION FROM 
SHOCK-POINT IN INCHES 


Fic. 5. Starting time as a function of distance from shock-point. Each point is 
based upon 30 measures. Thirty rats were each given three test trials, one from each 
of the three starting positions. The order of administration of these trials was varied 
in a balanced manner. 


median starting time is plotted for each of the 3 starting 
positions. It can be seen from this figure that the starts 
were slower the farther the animals were placed in the alley 
from the point at which they had received shocks. 

Because of the extreme skewedness of the distributions of 
the time scores, a consideration of the reliability of these 
results in terms of the categories of a Bernoulli distribution 
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will be the most appropriate. Seventy percent of the animals 
started more slowly when placed in the alley 36 inches from 
the shock point than they did when placed in the alley right 
at the shock point. The probability of such a proportion 
being produced by chance alone is less than .o1. Sixty-seven 
percent of the animals started more slowly 36 inches from the 
shock point than they did 12 inches from that point. The 


25; 
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START 12 


MEAN SPEED IN INCHES PER SECOND 


SRT 36 


2 3 4 5 6 
SUCCESSIVE SIXTHS OF DISTANCF RUN 


Fic. 6. Vincent curves for the speed of the runs from each of the three starting 
positions. These curves are based upon the records of only those animals which 
actually did run away. The portion of the record utilized was that between the point 
at which the animals first started to run and that at which they last stopped running. 
This distance, the length of the retreat, was divided into six equal parts and the speed 
for each sixth was computed and averaged with the respective sixths of other animals’ 
retreats from the same starting position. 


probability of such a proportion’s being produced by chance 
alone is .03. 

The fact that the farther the start is from the point as- 
sociated with shock, the longer the animals wait before 
commencing to run away, supports the hypothesis of a spatial 
gradient in the generalization of avoidance responses. 

Running Speed.—In Fig. 6 are plotted Vincent curves of 
running speed for the retreats that the animals made from 
each of the three starting positions. These curves include 
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only those animals which actually did run away and are based 
on only the portions of the record between the point at which 
the animal first started to run and that at which it last stopped 
running. ‘This distance, the length of the retreat, was divided 
into six equal parts and the speed for each sixth was computed 
and averaged with the respective sixths of other animals’ 
retreats from the same starting position. 

From a comparison of the different curves, it is apparent 
that the further the animals were started from the point 
they had been conditioned to avoid, the slower they ran. 
This difference is statistically reliable for the beginning of 
the runs but less reliable towards the end. The difference be- 
tween the mean speed of the first sixth of the runs starting from 
Start o and from Start 36 is 3.3 times its standard error; that 
for the second sixth of the runs is 2.2 times its standard error. 
The difference between the mean speeds of the first sixth of 
the runs from Start 12 and Start 36 is 2.2 times its standard 
error. The rest of the critical ratios are lower. 

It should be noted, as was pointed out above, that the 
starting times of all trials and the records of those trials in 
which the animal did not run at all were both excluded from 
the data upon which these differences are based. Had 
starting time been included in calculating the speed for the 
first sixth of the run, the differences for this portion would 
have been still greater because, as will be remembered, the 
starts were slower on the trials beginning farther from the 
shock point. Had the scores of the animals failing to run at 
all (whose speeds would have been zero) been included in the 
averages, the differences would likewise be made greater be- 
cause more animals (2, 4, and 10 respectively) failed to run 
on the trials whose starts were farther from the shock point. 

The fact that even after the animals get started they tend 
to move more slowly the farther they are placed in the alley 
from the point at which they have been shocked, is additional 
evidence for a spatial gradient in the strength of avoidance 
responses. 

The two measures that have been used, starting time and 
initial running speed, are relatively pure measures of the effects 
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of a spatial gradient in the strength of the reinforcement of 
avoidance responses. When either the starting time or the 
initial running speed of a trial beginning at one distance from 
the point of reinforcement is compared with the starting time 
or running speed of a trial beginning at a different distance, 
only one variable, distance from the point of reinforcement, 
is being varied. When, however, the speed of locomotion of 
one section of a trial is compared with the speed of locomotion 
of a different section of that trial, an additional variable, 
distance that the animal has already run, is also being varied. 
This introduces the possibility of complications from the 
effects of two factors: (1) a warming up effect in the initial 
portions of the run and (2) an anticipatory stopping tendency 
towards the end of the run. As is clearly evident in Fig. 
6, during the first parts of each run the effects of warming up 
definitely overrode those of the gradient of reinforcement. 
The differences between the speeds in the first and third 
sections of the runs are 5.0, 5.7 and 6.2 times their standard 
errors for starts 0, 12 and 36 respectively. During the re- 
mainder of each run, there was a progressive tendency for 
the animals to slow down, the differences between the speeds 
in the third and sixth sections of the runs from the 3 starting 
positions being respectively 4.7, 2.9 and 1.5 times their 
standard errors. It is, of course, impossible to be certain how 
much of this decrement was produced by a gradient of rein- 
forcement and how much was the result of an anticipatory 
stopping tendency.® 


IV. SuMMARY 


1. A basic assumption in various recent theories of conflict 
is that the tendency for an organism to avoid a stimulus object 
is stronger the nearer the organism is to the stimulus object 


8 In this experiment the effects of a gradient of reinforcement would be expected 
to be opposed by those of warming up and to be augmented by those of anticipatory 
stopping. Inthe approach situation, studied by Professor Hull (4), these relationships 
would be reversed: the effects of the gradient should summate with those of warming 
up and be opposed by those of anticipatory stopping. It is interesting to note that it is 
at the beginning of the run in this experiment and at the end of the run in Professor 
Hull’s that the changes in speed of locomotion are opposite to what would be expected 


if a gradient of reinforcement were the on/y factor operative throughout the different 
sections of the run. 
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which must be avoided. The purpose of the present experi- 
ment was to secure direct evidence on this principle. 

2. Thirty albino rats were first given four training trials in 
which they ran away from a brief shock received at one end 
of a straight alley. Then, in test trials without shock, they 
were placed in the alley at various distances from that end 
and the pattern of their running away was recorded directly, 
in exact detail, on a polygraph. 

3. As general observations on the pattern of behavior 
under the conditions of the test trials it was noted that: (a) 
In both starting and stopping, the transition between running and 
non-running was almost always quite abrupt; and (b) The rate 
of locomotion tended to increase throughout the initial two-fifths 
of a run and to decrease progressively during the final three- 
fifths of the run. ‘The fact that, during the first portion of the 
run, the ‘warming up’ effect was strong enough to override 
the effects of an avoidance gradient, led to the conclusion that 
comparing the speeds of different portions of the same run 
is a poor method of investigating gradients in the strength of 
approach or avoidance responses. Therefore, a different 
method was used. 

4. Direct evidence was secured for the existence of a 
spatial gradient in the strength of avoidance responses in 
that: (a) When placed in the alley farther from the original 
shock point, the animals tended to wait longer before starting to 
run away than they did when placed nearer to this point; and (b) 
Even after getting started, the animals placed farther from the 
shock point tended to run less rapidly than they did when placed 
nearer to this point. 

This evidence is relevant to theories of learning, as well 
as conflict, in that it tends to support the generalization that 
‘the effect of a reinforcing stimulus varies inversely as the 
remoteness of that stimulus from the act which is reinforced.” ® 


(Manuscript received May 25, 1938) 


® Facts of the type reported by Guthrie (1) suggest that this principle may have 
to be reduced to some more fundamental one, such as a formulation in terms of over- 
lapping ‘identical elements,’ in order to be applicable to situations in which a dominant 
role is played by verbal and other similar stimuli produced by those responses of the 
organism which are not too closely bound to any fixed sequences. 
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RESISTANCE TO EXTINCTION AS A FUNCTION 
OF THE NUMBER OF REINFORCEMENTS! 


BY STANLEY B. WILLIAMS 
Department of Psychology, Institute of Human Relations, Yale University 


The present paper is an attempt to give a quantitative 
description of one of the important relationships postulated 
by conditioned-response theories of learning. An extensive 
experimental literature, comprehensively reviewed by Hilgard 
(2), points to the essential similarity between ‘reward’ 
learning and ‘reinforcement’ learning, suggesting the possi- 
bility of deriving both types from a single set of postulates. 
Hull (5, 6) has attempted the theoretical derivation of a large 
number of the mechanisms of adaptive behavior, notably 
those of trial-and-error learning, from postulates based on a 
number of the phenomena found in conditioning. The 
predictive value of such a theoretical system depends in 
large part on a knowledge of the quantitative nature of the 
phenomena in question, particularly reinforcement, extinction, 
and spontaneous recovery. 

The strength of a response tendency as some function of 
the amount of reinforcement given it, is a relationship whose 
determination is dependent on the method used for testing the 
strength of the tendency. The most commonly used indica- 
tors are: magnitude of response, frequency of appearance of 
response, latency of response, and the resistance of the re- 
sponse to experimental extinction. The last mentioned 
measure was suggested by the following statement of Pavlov 


(7): 
“|. . The greater the intensity of the excitatory process, the more intense must 
be the inhibitory process to overcome it, and therefore the greater number of 
unreinforced repetitions necessary to bring about complete extinction” (p. 61). 


1 This investigation is a part of a coordinated research program of the Institute of 
Human Relations, Yale University. It was carried out under the direction of Professor 
Clark L. Hull, to whom the writer is greatly indebted for interest and assistance in the 
problem. 
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Skinner (10) has suggested that resistance to extinction may 
be the only appropriate measure of conditioning, particularly 
since it has been shown to be the most reliable index of ‘over- 
conditioning.’ As yet, however, very little work has been 
directed specifically to the relation between the amount of 
reinforcement and resistance to extinction.2 Skinner (8) 
simply reports a ratio of 20 extinction responses to one rein- 
forcement, with immediate extinction; and Youtz (11), using 
a modified form of the Skinner apparatus, has tested the effect 
on extinction of two different amounts of reinforcement. 
In the latter study the results were indicative of a negatively 
accelerated gradient, although two points on a curve are 
hardly sufficient to indicate its true nature. 

The present experiment was designed to determine four 
points on this gradient by testing resistance to extinction after 
four different amounts of reinforcement. A second and 
distinct problem investigated was the corresponding amounts 
of spontaneous recovery from extinction after an interval of 
one hour. 


SUBJECTS AND APPARATUS 


Subjects in the experiment were 140 male albino rats within the age range of 60 
to 100 days. During the experiment, twelve rats were discarded for failure to learn. 

The apparatus used was of the type employed by Skinner (9g) and Youtz (11), and 
an exact duplicate of that described in detail by Ellson (1). It consisted of four 
separate experimental boxes, partially soundproofed, and vacuum-ventilated. Each 
box contained an animal compartment which measured a cubic foot inside. The rear 
wall of the compartment was formed by a panel through which a small horizontal bar 
(Fig. 1) could be quietly inserted into the animal’s presence by the experimenter 
manipulating a lever outside the box. A shutter automatically covered the aperture 
in the panel when the bar was retracted. When the bar was inserted it extended into 
the compartment one-half inch beyond the panel. It required a downward pressure of 
fifteen grams and a displacement of not less than three-sixteenths of an inch to activate 
a mercury-cup switch behind the panel. The mercury contact completed a circuit | 
which in turn activated a recording marker mounted on a synchronous-motor-driven 
polygraph. On top of the box outside was a food magazine which contained small 
specially prepared pellets of food, each weighing .o5 grams. The wiring and con- 
struction of the box were so arranged that a depression of the bar by the rat inside the 


2 Hovland (3) has recently shown different'al reinforcement to yield a negatively 
accelerated extinction curve, using amplitude of response as an indicator. The fact 
that his results, obtained from conditioned galvanic-skin responses, reveal a function 
similar to those obtained from problem-box learning experiments, lends weight to the 
assumption that common laws operate in both situations. 
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box caused one pellet of food to be released from the magazine. The pellet fell through 
a tube into a small food tray placed on the floor of the compartment directly under- 
neath the lever. The same stroke activated a polygraph marker which automatically 


recorded the number and time of all responses. In this experiment the eating of one 


Fic. 1. Diagrammatic drawing of the interior of the animal compartment of the 
experimental boxes, with the horizontal bar in position for operation by the rat. The 
tip of the glass tube through which the food pellet passes, and the food tray, are shown 
directly underneath the bar. The shutter which automatically closes the aperture 
when the bar is retracted is not shown in the diagram. 


pellet was considered as one reinforcement. It was possible to disconnect the magnetic 
food-release mechanism so that during the extinction series no food was delivered upon 
the rat’s depression of the bar, although the responses still were recorded on the 
polygraph in the usual manner. 
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PROCEDURE 


The animals were run in squads of four. Each squad was fed for one week previous 
to the experimental period at the same hour of the day at which training was to take 
place. On the first four days of this week they were fed in their individual living cages; 
on the last three days they were fed in the experimental boxes, for one hour on the fifth 
and sixth days, and for one-half hour on the seventh day. 

The experimental period itself was broken up into three days. On the first day, 
the four rats were put into the boxes and fed 60 pellets in groups of 10 pellets. The 
feedings were spaced five minutes apart, the animals spending each interval in the living 
cages. The pellets were given by the operation of the food-release mechanism by the 
experimenter. Receiving one pellet at a time in this way, the rats soon learned to 
respond to the characteristic noise, or click, of the food mechanism by going to the food 
tray and eating the pellet deposited there. After sixty pellets the rats were returned 
to their individual cages. 

On the next day, 23 hours later, the rats were placed in the experimental boxes and 
given 30 pellets in immediate succession in the same manner, after which they were 
returned to their cages. Ten minutes later they were again placed in their respective 
experimental boxes and the horizontal bar was quietly introduced into the compartment 
by the experimenter. Until this time the rats had had no experience with the bar, and 
to facilitate learning a small amount of wet mash had been smeared on it. In some 
cases it was found necessary to open the rear door of the box behind the panel (not 
visible to the rat) and by means of an electric fan blow air across wet food into the 
compartment through the bar entrance, so that the rat would more quickly investigate 
the region of the bar. Failing this, a screwdriver, whose tip was daubed with a bit of 
moist food, was inserted through the aperture to attract the attention of the animal. 
In any case, the rat seemingly quite by accident would press the bar once or twice, 
thereby receiving a pellet of food as reinforcement; and since the bar-pressing response 
was thus reinforced, it was repeated. In this way one group of 35 rats was allowed 
to obtain five pellets of food; a second group, 10 pellets; a third group, 30 pellets; and a 
fourth group, 90 pellets. The four groups were approximately equated as to learning 
time for the first five responses. ‘This is shown in Table 1. 


TABLE 1 


CoMPARATIVE LEARNING TIME OF EXPERIMENTAL GROUPS 


Equivalence of experimental groups as to learning time can be judged only on 
the basis of the time to learn the first five responses. Total learning time for the last 
three groups is also presented. 


Group (Number of Reinforcements Given) 
5 10 30 90 
Learning time for first 5 | Mean...... 3.1 3.3 2 3.5 
responses in minutes .56 .56 57 
Median..... 1.8 2.4 2.0 1.9 
Learning time for all re-| Mean...... 3.1 6.2 11.5 29.6 
sponses in minutes .56 .79 1.32 
Median..... 1.8 4.5 10.0 27.1 


510 STANLEY B. WILLIAMS 


On the third day, twenty-two hours after learning, the rats were placed once more 
in the experimental boxes for the first extinction series. The bar was introduced as in 
learning, but since no food followed depression of the bar the rats soon ceased respond- 
ing to it. Complete extinction, of course, was never reached. Instead an arbitrary 


criterion of extinction was chosen, namely, a period of five minutes during which no 
responses to the bar were made. 


TABLE 2 


Resutts oF First Extinction. MEAsuRES OF RESISTANCE 


All measures are based on 35 animals in each reinforcement group. Rate of 


response is obtained by dividing total time by number of responses and was calculated 
for each rat. 


Group (Number of Reinforcements) 
Measure of Resistance to Extinction 

5 10 30 90 

. 19.0 35.0 48.3 62.7 

(a) Number of responses |om......... 4.3 7.4 4.4 6.4 

Median..... 9.0 23.0 43.0 60.0 

(4) ‘Time to reach criterion | Mean...... 7.9 15.0 17.1 20.6 

(minutes) 1.3 1.8 2.1 2.0 

Median 7.2 14.5 14.1 18.9 
(c) Rate of response (in| Mean...... 64 64 47 .40 
minutes) .O4 .O4 .08 .O4 
Median..... 55 54 35 


Exactly one hour after the termination of the first extinction series (the interim 
being spent in the cages), the animals were returned to the boxes for a second extinction 
to the five-minute criterion. ‘The responses made in this series constitute a measure of 
spontaneous recovery. 

Resistance to experimental extinction was measured in three ways: the total num- 
ber of responses during extinction; the total time required to reach the five-minute 


criterion; and the rate of response, or the mean time elapsing between successive 
responses. 


RESULTS 


In a qualitative sense, the statement of Pavlov is con- 
firmed; the greater the reinforcement, the greater the resis- 
tance to extinction. The quantitative results are given in 
the accompanying tables and graphs. 


First Extinction; Measures of Resistance to Extinction 


Youtz (11) found that the number of responses made in 
resistance to extinction was a more reliable index of original 
reinforcement than extinction time or responses per minute, 
but Ellson’s (1) results indicate extinction time to be the most 
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reliable measure. Data from the present experiment, shown 
in Table 3, favor the number of non-reinforced responses as a 
measure, although it may be clearly seen that extinction time 
differentiates the two small reinforcement groups (5 and 10) 
better than any other measure. In general, however, the 
number of non-reinforced responses is more closely correlated 
with differential reinforcement than are the other two 
measures. 

The results of the first extinction series according to all 
three measures are presented in Table 2, and the reliabilities of 
the several differences are shown in Table 3. It will be seen 


TABLE 3 


RELIABILITY OF MEASURES OF RESISTANCE TO First EXTINCTION 


Critical ratios (Diff./o diff.) of the means for paired groups of reinforcement 


Measures of Resistance to Extinction 
Paired Reinforcement Groups 
No. of Total Time for Rate of 
Responses Extinction Response 
5 reinf. vs. 10.. C.R.= 1.87 C.R.=3.20 C.R.=0 
10 reinf. vs. 30.. =1.55 = .76 = 1.89 
30 reinf. vs. go. = 1.88 =1.21 = .78 
5 reinf. vs. 30. = 4.80 = 3.72 = 1.89 
10 reinf. vs. 90. = 2.84 = 2.08 = 4.21 
reinf. vs. 90.. =5.71 =5.31 = 4.21 


that there is a fair degree of statistical reliability of the 
differences, especially those of total time and number of 
responses, in spite of a large amount of variability in the 
original scores. It may be concluded that all measures reflect 
a positive and consistent relation between resistance to 
extinction and amount of reinforcement. ‘These reliabilities 
of the measures are similar to those found by Youtz (11) and 
Ellson (1), both of whom employed subjects in statistically 
significant numbers. 

The ratio of non-reinforced responses to reinforcements 
becomes progressively smaller with increasing amounts of 
reinforcement. Computed from the mean values in Table 2, 
the ratios are 3.8 to I, 3.5 to 1, 1.6 to 1, and .7 to 1 for 5, 10, 
30, and go reinforcements respectively. It is not to be 
expected that these ratios should approach the 20 to I ratio 
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reported by Skinner (8), inasmuch as he allowed no time to 
elapse between reinforcement and extinction. 

Because of the fact that there were some animals in the 
lower reinforcement groups which made no responses during 
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Fic. 2. Dot distribution for the first extinction, showing the number of responses 
made in resistance to extinction. Each dot represents one animal. The heavy line 
indicates the mean, the broken line, the median. The wide scatter of this distribution 
is also characteristic of the extinction time scores, which are not shown. 


extinction, the distributions of the 5- and 10-reinforcement 
groups are considerably skewed toward the upper end. Since 
the median values necessarily are less subject than the mean 
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values to this type of distortion, it is very likely that the 
medians represent a more stable measure of central tendency 
than do the means. The dots in Fig. 2 present a typical 
picture of the distribution. Figures 3 and 7 show the actual 
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Fic. 3. Graph showing the mean and median number of responses made in 
resistance to extinction. The upper pair of curves represents the first extinction, and 
the lower pair, the second extinction one hour later. Each point represents the central 
tendency of the scores from 35 animals. 


curves of the two to be quite similar in shape, though the 
medians are consistently lower. Approximately the same 
kind of relationship is shown by Fig. 4 to hold for median and 
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Fic. 4. Graph showing the total time required to reach the extinction criterion. 
The upper pair of curves is for the first extinction; the lower pair is for the second 
extinction, from which can be judged the amount of spontaneous recovery after one 
hour. Each point represents the central tendency of the scores from 35 animals. 
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mean extinction time scores. The slight reversal apparent 
in the median time curve cannot be considered a true reversal 
because of the very low reliability of the difference at that 
point (see Table 3). 

Time and number of responses, although the best measures, 
are not identical. They can be more easily compared by 
reference to Fig. 5, in which they have been plotted against 
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Fic. 5. Extinction time is here plotted against number of extinction responses 
for a comparison of the two functions. Means are graphed by the solid line, and 
medians, by the broken line. These are for firstextinctiononly. The actual values are 
given in Table 2. 


each other. The resulting curves reveal that the amount of 
time per response becomes less with more responses. ‘Time 
is not a straight line function of the number of responses, as 
we would expect if the two measures were identical functions 
of the number of reinforcements. In agreement with Ellson 
(1), we are forced to regard them as separate functions of 
reinforcement. 

Although rate of response was found to be a less reliable 
index of original reinforcement than the other measures, it is 
nevertheless roughly correlated with them. The greater the 
reinforcement and the greater the time and number of 
responses required to reach an extinction criterion, the smaller 
is the mean time between responses. Evidence for this is 
included in Table 2 and pictured in Fig. 6. From these and 
the critical ratios in Table 3 it is clear that rate of response 
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as a measure of amount of reinforcement is capable of re- 


flecting only very gross differences. The only significant 
difference in rate is that between 5 and go reinforcements. 
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Fic. 6. The rate of response (mean time between responses) for both first and 
second extinction series, both mean and median measures. Actual values appear in 
Tables 2 and 4. 


The obvious variability in rate of response, however, precludes 
any assumption of a constant rate uninfluenced by amount of 
reinforcement. It would be fair to conclude that rate of 
response is a reliable but crude measure.’ 


First Extinction. Theoretical Implications 


In the extension of conditioned-response principles to 
the explanation of learning there arises the necessity for 


3 The experimental data were further examined to determine the effect of differ- 
ential reinforcement on the initial rate of response. The mean inter-reaction time in- 
terval for the first five responses in the first extinction series was found to be .97, .93, 
.27, and .30 minutes for the 5, 10, 30, and go reinforcement groups respectively. Inas- 
much as it is impossible to make this computation for the ten animals in the first group 
which made no responses (see Fig. 2), it was necessary in obtaining these values to ex- 
clude the ten extreme cases on each end of the distribution of the number of extinction 
responses of each group, leaving the middie 15 animals ineach group. In only three of 
the cases which were finally included did the subjects make fewer than five responses. 
While the above results are not entirely consistent, there is a very definite suggestion of 
an inverse relationship between the strength of the habit tendencies involved, as 
indicated by the number of reinforcements, and the inter-reaction time interval at the 
beginning of experimental extinction. 
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precise quantitative determination of the postulated phe- 
nomena, as Hull (§) has emphasized. Without a quantitative 
expression of the relationship, for example, between amount 
of reinforcement and resistance to extinction, it would never 
be possible to predict with accuracy the effect of successive 
blocks of reinforcement on the strength of a habit. A simple 
‘more than .. . less than’ statement is too general to be of 
use in the prediction of many particular instances. ‘Taking 
the number of responses as the most reliable measure of resis- 
tance to extinction, the curves of both median and mean values 
obtained in this experiment have been smoothed in Fig. 7 by 
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Fic. 7. Theoretical curves for mean and median values of the number of responses 
made in resistance to first extinction. The curves were fitted to the empirical data 
given in Table 2. The dots and circles are the empirical values for means and medians 
respectively. ‘The mean curve, shown by the solid line, has the equation: 


E = 64 — 64 X 10°-% #8, 
The median curve, shown by the broken line, has the equation: 
E = 62 — 62 X 107-17 


fitting to them theoretical curves. The equation found to 
fit best the mean values is: 


E = 64 — 64 


where £ is the number of extinction responses; R, the number 
of reinforcements; and 64, the value of an arbitrary limit. 
The corresponding equation for the median values is: 


E = 62 — 62 KX 
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By means of the above equations it is possible by interpolation 
and extrapolation to determine points in the relationship 
other than those empirically derived. The statistical relia- 
bility of the differences listed in Table 3 would indicate that 
interpolations made from the above equations would possess 
a fair degree of accuracy. Moreover, for reasons previously 
stated, it is likely that the more dependable equation is the 
one derived from the median values. 


Second Extinction. Recovery after one hour 


Spontaneous recovery in the strength of a bar-pressing 
habit after its extinction was demonstrated by Youtz (11) 
to be a real phenomenon, and the plotting of the curve of 


TABLE 4 


Resutts oF Seconp ExtincT1on. SPONTANEOUS RECOVERY AFTER OnE Hour 


The percent of recovery is calculated from the total scores. Recovery measures 
are lacking on a few animals. The exact recovery interval was 65 minutes, including 
the previous 5-minute criterion for extinction. 


Group (Number of Reinforcements) 
Measure of Resistance to Extinction and 
Percent of Recovery 
5 10 30 90 
(N = 33) | (N = 34) | (N = 33) | (N = 34) 
Mean...... 6.7 10.4 12.3 19.8 
1.4 2.1 1.7 2.8 
(a) Number of responses | Median..... 3.0 7.0 11.0 11.0 
Percent 
recovery...| 35. 30. 25. 31. 
Mean...... 3.9 5.3 5.7 8.4 
(6) Time to reach criterion | om......... 8 9 1.0 1.3 
(minutes) Median..... 2.4 2.6 5.6 
Percent 
recovery...| 51. 36. 33. 41. 
75 .58 52 41 
(c) Rate of response (in]om......... 17 13 10 .07 
minutes) Median..... .66 53 .56 .40 
Percent 
recovery...| 117. gl. III. 103. 


recovery during time has just been completed by Ellson (1). 
In the latter work one of the recovery intervals tested was 65 
minutes, the same interval used in the present experiment. 
In Ellson’s study, 30 reinforcements were given; but since 
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these were complicated by training on another similar habit, 
the data from the two experiments cannot be directly com- 
pared. Ellson found 39 percent recovery. in number of 
responses, 52.5 percent in time, and 157 percent in rate of 
response, though he concludes that the low reliability of the 
last measure makes its meaning very doubtful. The amount 
of recovery after the same interval for all reinforcement 
groups in the present study is presented in Table 4 and the 
statistical reliabilities of the recovery differences are given in 
Table 5. For the comparable 30-reinforcement group the 


TABLE 5 


RELIABILITIES OF MEASURES OF SECOND EXTINCTION 


Critical ratios (Diff./o diff.) of the mean differences between pairs of four rein- 
forcement groups according to the three measures of resistance to extinction. 


Measures of Reinforcement 
Paired Reinforcement Groups 

No. of Total Extinction Rate of 

Responses Time Response 
C.R.= 1.44 C.R.=1.17 C.R.=0.81 
= .70 = .29 = .38 
= 2.32 = 1.69 = .92 
=2.55 = 1.38 = 1.15 
50 Wa. OD = 2.69 =1.94 =1.13 
= 4.18 = 3.00 = 1.89 


percent of recovery is seen to be 25 percent for number of 
responses, 33 percent for time, and 111 percent for rate of 
response. The absolute amount of recovery is in all cases 
less than that obtained by Ellson. This is due, no doubt, 
to the fact that the strength of the one habit studied in the 
present experiment was not increased by generalized effects 
from a similar habit. The relative amounts of recovery. for 
the three measures used, nevertheless, corroborate Ellson’s 
results. In spite of the low statistical reliabilities of the 
differences between reinforcement groups in amount of re- 
covery, resistance to second extinction is in the same direction 
as resistance to first extinction. That the amount of re- 
covery is roughly proportional to the amount of original 
reinforcement is illustrated by the lower pairs of curves in 
Figs. 3 and 4. 
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For rate of response, all measures of recovery fluctuate 
around 100 percent, indicating that it is very little affected 
by a weakening of the habit. Properly speaking, the mean 
time between responses on the second extinction expressed as 
a ratio with the mean time in the first extinction is not really 
a measure of percent of recovery. In this case, percent of 
recovery would be more accurately expressed by a ratio be- 
tween the speed of responding in the first few responses of the 
second extinction and the last few responses of the first ex- 
tinction series. Nevertheless, the ratio used in Table 4 does 
indicate that the more reinforcements which have originally 
been given, the more the mean rate of response on the second 
extinction tends to approach the rate on the first extinction. 
Figure 6 affords a graphic comparison of the two. 


Learning Time 


The data were further analyzed to determine the average 
rate of responding during the course of learning. Records of 
the 35 animals receiving 90 reinforcements were measured for 
the amount of time required for each successive group of ten 
responses. ‘The graph of the means is shown in Fig. 8. Less 
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Fic. 8. The mean time required by 35 animals in the 90-reinforcement group to 
secure successive ninths of the 9o-reinforcing pellets. All abscissa values represent 
means for successive groups of ten responses, with the exception of the first, which is 
based on only nine responses since the time elapsing between no response and the first 
response obviously could not be measured. 
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time is required for the second ten trials than the first ten, and 
after the second ten the rate of response becomes nearly con- 
stant except for a slight slowing up in the last twenty re- 
sponses. This terminal increase in rate may be due to two 
factors: satiation and ‘inhibition of reinforcement.’ That 
partial satiation might be a factor is suggested by certain 
results of Skinner (g) showing a drop in acceleration beginning, 
in some animals, before the fiftieth response. Skinner at- 
tributes this to partial satiation. That satiation of hunger 
is not the only factor operative in the present experiment is 
substantiated by the fact that in some cases the rat’s activities 
showed a marked change beginning at about the seventieth 
to eightieth response, consisting of agitated behavior (with 
complete disregard for pellets in the tray) strikingly similar 
to that displayed by the same rats during frustration (extinc- 
tion). In lieu of a better explanation for this phenomenon, 
the author suggests it as a possible instance of ‘inhibition of 
reinforcement’ described by Hovland (4). 


SUMMARY 


1. The behavior of 140 white rats was studied during the 
process of extinction of a bar-pressing habit which had been 
established by food-reinforcement to four different degrees of 
strength. Four groups of 35 rats each were given, 5 10, 30, 
and go reinforcements respectively, and twenty-two hours 
later were extinguished on the habit to a five-minute criterion. 
A second extinction series followed one hour after the first, 
constituting a test of spontaneous recovery. The chief aim 
of the investigation was to determine the quantitative rela- 
tionship between resistance to extinction and amount of 
reinforcement. Three measures of resistance to extinction 
were used: the number of responses during extinction, total 
extinction time, and the mean time between extinction 
responses (rate of response). 

2. Resistance to extinction increases with the number of 
reinforcements, by all measures used. 

3. This increase has a negative acceleration, which is 
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described by two empirical equations based on the two most 
reliable measures. 

4. Spontaneous recovery after one hour increases as the 
number of reinforcements increases. 

5. This increase is also negatively accelerated, though the 
curve is much less steep than that for first extinction. 

6. The extent of recovery after one hour is 25 percent 
to 35 percent in number of responses, and 36 percent to 51 
percent in total time. Rate of response is slower in a habit 
already weakened by extinction; although with increasing 
amounts of reinforcement the rate of response on the second 
extinction approaches the rate on the first extinction. 

7. According to their effectiveness in differentiating the 
amount of reinforcement, the measures of resistance to 
extinction rank in the following order: number of responses in 
extinction, total extinction time, and rate of response. 

8. The course of learning (reinforcement series) is char- 
acterized by an initial acceleration in speed of responding 
which levels off to a fairly constant rate until the last twenty 
responses, at which point a marked decrement in speed some- 
times appears. It is suggested that this decrement is in part 
due to partial satiation of the hunger drive and in part due to 
‘inhibition of reinforcement.’ 


(Manuscript received May 19, 1938) 
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VISUAL AND VOCAL RECOGNITION MEMORY * 


BY HILDING B. CARLSON AND HARVEY A. CARR 


For over a quarter of a century, numerous experiments 
have been made comparing memory efficiency of the different 
senses—vision, audition, kinesthesis, etc. No consistent 
group differences have been found. Some of the possible 
causes of the contradictory findings have been enumerated by 
Koch (2) to be (1) the different measures of learning efficiency 
used, (2) the stage in the learning process at which measure- 
ment is made, (3) the nature of the recording response, and 
(4) the degree of familiarity with the experimental methods 
used. It is also possible that vision is relatively superior for 
some individuals and vocality for others and that the two 
cancel each other for the group as a whole. If it is possible to 
isolate such individuals, we may then have a further explana- 
tion for some of the discrepancies previously reported. This 
study proposes to do this. The term vocal is used to refer 
to the kinesthetic and auditory cues that result if an indi- 
vidual pronounces a word, even though inaudibly, inasmuch 
as there is no adequate means of differentiating them in this 
circumstance. 

One way of attempting to isolate those individuals in 
whom vision is relatively superior and others in whom vocality 
is relatively superior, would be to vary the character of the 
material to be memorized. In a previous study of memory 
(1), in which this was done, considerable data were collected, | 
a portion of which is admirably suited for the purpose of this 
study and has been used in the present analysis. Those 
aspects of the earlier study which are essential to an under- 
standing of the results reported in the present study are 
given here. 


While various kinds of material to be memorized might have been utilized, words 
were used since they are much better especially for presentation. Their use necessi- 


* From the Psychological Laboratory of The University of Chicago. 
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tated employing the recognition method of testing memory, which in turn meant that 
specific distractors had to be used in order to obtain differentiation. Accordingly, 
recognition lists were made, systematically varying the distractors in visual appearance, 
vocality, and in their combination. For this purpose, groups of words were selected 
of such character that other words could be found that have particular relationships 
to the first word. One group of words was selected because for each word another 
word, alike in meaning, but differing in visual appearance and vocality, could be found; 
another group of words was selected because for each word another word differing only 
in visual appearance could be found; a third group of words was chosen because for 
each word another word could be found which differed only in vocality. ‘These groups 
are IX, F, and C of the previously reported study and the same letters will be used to 
designate them here. [Examples of these words are included in Table I. 

One word of each pair was included in an exposure list. Both words of the pair 
were included in a recognition list, the word not used in the exposure list serving as a 
distractor for the other. The relation between the associated words in a recognition 
list was constant, so that the use of a particular mode or the combination of modes was 
favored. 


TABLE I 


RELATION BETWEEN THE Worps OF A PAIR IN THE EXPOSURE AND 
RECOGNITION LisTs 


Number 
Words 
Group | in Each Words Alike in Words Different in Example 
Recog- Respect to: Respect to: 
nition 
List 
LE 44 Vocality Visual appearance through 
Meaning thru 
F 26 Visual appearance Vocality con’tem-plate 
Meaning con-tem’plate 
C 48 Meaning Visual appearance rely 
Vocality depend 


Inspection of this table shows that while meaning, vision, and vocality could 
have been used in memorizing the words in the exposure lists, the subjects could not 
use meaning to distinguish between the words of a pair in the recognition lists, but 
could use visual appearance in series EF, vocality in series F, and visual appearance 
and vocality in series C. What we wish to do in this study is to find those subjects 
who consistently have relatively superior scores in one series as compared with another 
series. If such subjects can be found, we thereby demonstrate that there are indi- 
vidual differences in ability to utilize visual and vocal cues in recognizing words, and 
from this, that the ability to memorize words involves a visual and a vocal component. 

Rather than rely upon a single index of ability to use visual and vocal cues in 
memorizing and recognizing words, as has been done by most of the previous experi- 
menters, five parallel forms were made for each modality and for their combination. 
There were thus fifteen tests in all. 

To make it possible to give the experiment to a group of subjects at one time and 
to control the exposure time for each word, the words were serially exposed on a screen 
by means of a film and a projection machine. 
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The exposure list was presented to the subjects. They were told that a series of 
words would be shown on the screen and were instructed to memorize the words so as 
to be able to recognize them when presented as part of a longer list. No instructions 
as to the mode of memorizing were given. The list was presented but once. Each 
word was exposed for two seconds. 

The recognition list was shown immediately after the exposure list. ‘The subjects 
were told that all the words in the first (exposure) list were in the second (recognition) 
list, interspersed with other words. Nothing was said concerning the nature of the 
distractors. No mention was made that the recognition list was twice as long as the 
exposure list. The subjects were asked to indicate on a prepared data sheet which 
words were in the exposure list and which were not. They were told to guess whenever 
in doubt. Thus a response was made to every word in the recognition list. This list 
was also exposed but once. The exposure time for each word was three seconds, one 
second longer than in the exposure list, to permit the subject time to mark a check on the 
data sheet. 

A total of 202 high school and college subjects completed the experiment. 

As the majority of the subjects were not familiar with the experimental set-up, 
five preliminary practice lists with nonrelated confusion words were given in order 
to prevent as much as possible the variability in the scores that might result from this 
lack of familiarity with the testing procedure. No use was made of these data. 

To increase further the reliability of the tests as indices of the ability of the subjects 
to memorize and recognize words, the experiment was repeated after an interval of 
two to three months. The average score of the two presentations was then taken as 
an approximation of the true score. 

Since the mean and standard deviation of the average scores of the tests differed, 
no direct comparison could be made between an individual’s average scores on the tests 
in one series and those in another. Comparable scores had to be used. Accordingly, 


the individual’s average scores on each of the tests were transmuted into normalized 
standard scores. 


When this had been done, the results for each of the 
subjects were studied in order to select all those whose scores 
are higher on the tests in one series than in another. After 
some study, it was decided to select those subjects whose 
scores were higher on at least four of the five parallel tests in 
one series than on four or five in another series. This method 
has the advantage over other arbitrary methods in that it 
selects only those individuals whose scores are fairly constant, 
within a series and whose differences in response to one series 
as compared with another exhibit considerable degree of sta- 
tistical significance. 

In order to illustrate this basis of selecting these subjects, 
an example is given in Table II for subject number 32. ‘This 
table shows that the scores on each of the five parallel forms 
are higher in series E than any in series TF. The scores for 
most subjects selected, of course, are not as consistent as this. 
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TABLE II 


ExampLe SHowinG ConsIsTENTLY HicHer Scores 1n SERIES FE. THAN 
In SERIES F 


Test Number 
Subj 
Series 
I 2 3 4 5 
32 E 1.73 1.04 0.97 1.91 1.01 
F 0.09 0.73 0.06 0.66 0.06 


The number of subjects who made consistently higher 
scores on the tests in one series as compared with those in 
another series is included in Table III. To give some idea 
of the size of the differences between the scores on the parallel 
forms in each series for each group of subjects selected, the 
mean scores have been calculated and are indicated in this 
table. | 

TABLE III 


Mean Scores oF Suspjects ConsisTENTLY SUPERIOR IN ONE SERIES 
AS COMPARED WITH ANOTHER 


Mean Score on Each Test 
Group Comparison 
I 2 3 4 5 
I 38 E higher E 58 .60 57 .67 53 
than F F | —.10 — .30 — .44 — .44 —.45 
3 42 | F higher F .27 .20 .40 39 31 
than E E | —.45 — .56 — .48 — .39 — .56 
4 39 E higher E .36 .40 .28 .26 
than C —.50 | —.36 —.50 | —.52 — .46 
6 40 |C higher .47 33 62 49 
than E | —.26 — .25 —.21 — .28 
7 44 | F higher F 58 .42 64 .50 53 
than C Cl] —.53 —.40 — .43 — .38 — .42 
9 48 | C higher Cc .70 58 61 59 .68 
than F F | —.35 — .36 — .34 — .22 — .47 
Let us consider first the subjects in Group 1. The scores 


for these subjects are consistently higher on the tests in series 
In both series there are visual 
In series E the 


E than on those in series F. 
differences between the related words. 
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paired words differ only in spelling, so that there is little or no 
possibility for a subject to differentiate between them by the 
use of vocal cues; while in series F, the paired words differ 
only in syllabication and in position of the accent marks, so 
that a subject would be aided in his attempt to distinguish 
between them if he used vocal cues. Since these subjects 
were superior in series E as compared with series F, it would 
appear that relative to the entire group, these subjects were 
better able to make use of visual cues alone than they were 
able to make use of the visual cues that could be converted 
into differentiable vocal cues. In other words, we might say 
that these subjects used vision primarily rather than vocality, 
in their attempt to memorize the words. The subjects in 
Group 3, on the other hand, were better able to make use of 
the visual cues that can be converted into differentiable vocal 
cues than they were able to make use of visual cues alone. 
That is, they tended to use vocal cues rather than visual cues 
alone. 

Let us consider next the thirty-nine subjects in Group 4 
who were consistently superior in series E as compared with 
series C. Vision alone could be used in series E while vision 
and vocality could be used in series C. ‘These subjects were 
relatively more adept with the use of vision alone, than they 
were with the combination of vision and vocality. On the 
other hand, the subjects in Group 6, having consistently 
higher scores in series C than in series E, were relatively more 
capable of using the combination of vision and vocality than 
they were of using vision alone. 

In Group 7, the subjects excelled in series F as compared 
with series C. While the paired words in both series differ in 
visual appearance and in vocality, in series F the visual 
differences are limited to differences in syllabication and in 
position of the accent mark, and so give less marked visual 
cues than do the visual differences in series C. Vision alone 
then is not very helpful in discriminating between the words of 
a pair in series F, but neither is vocality, unless these visual 
cues are used by the subjects as aids in the pronunciation of 
the words, in which case vocality may become of considerable 
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aid. ‘The subjects in this group then would appear to have 
relied primarily upon vocality rather than vision in memoriz- 
ing the stimulus words as contrasted with vision and vocality 
jointly. The subjects in Group g, on the other hand, having 
consistently higher scores in series C than in series F ap- 
parently did not rely upon vocality primarily but rather upon 
a combination of vision and vocality. 

There are, however, other explanations for the results. 
If we knew all the subjects in the experiment were able to 
use the visual cues in each series with equal facility, we could 
be more certain that the differences found have been correctly 
interpreted. But it is quite possible that the subjects differ 
in their ability to use different kinds of visual cues. If so, 
this would account for the differences found in these groups of 
subjects. An alternative explanation for the results obtained, 
then, is that the subjects in each group excelled in an ability 
to use a specific visual form or pattern as contrasted with 
another specific visual form or pattern ability. If this is the 
case, it would be necessary to postulate that there are a 
number of fundamentally different visual characteristics 
involved in the recognition of words having those aspects 
included in this experiment, each characteristic demanding 
a specific visual ability. Whether such specific visual abili- 
ties exist, their number, and their nature, cannot, of course, 
be answered by this experiment. 

There is another possible explanation for the results when 
series C is involved. In this series, while the related words 
are synonymous, there is nevertheless some shade of difference 
in their meaning, and it is possible that a number of words in 
the exposure list have other more familiar associations for 
these subjects than have the synonymous distractor word 
used. If this is the case, meaning might have been used to 
advantage, introducing a logical factor which this experiment 
attempted to exclude. 

It would be scientifically more satisfying if these inter- 
pretations could be checked empirically. Fortunately, it is 
possible to do this, since a considerable number of subjects 
appear in more than one group. [If our first interpretation is 
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correct, several of the groups must logically contain the same 


subjects. 


Accordingly, further study of the data was made in 


order to determine the extent to which any two groups are 


composed of the same subjects. 


Table IV is the result. 


TABLE IV 


Extent To Wuicu Two Groups ARE COMPOSED OF THE SAME SUBJECTS 


6 
Group * ” 

4 E<C} 13 19 7 39 
5 E=C 19 82 22 123 
6 C<E 6 21 13 40 

n 38 122 42 202 
7 F<C 5 20 19 44 22 20 2 44 
8 F=C 12 77 21 110 17 79 14 110 
9 C<F 21 25 2 48 ° 24 24 48 

n 38 122 42 202 39 123 40 202 


A cursory inspection of this table indicates at once that 
there are definite trends present. In general, if an individual 
has consistently higher (or lower) scores on one series as 
compared with a second series, he is much more likely to have 
higher (or lower) scores on the first as compared with the 
third than vice versa. Further discussion, therefore, will be 
limited to a consideration of those individuals who have 
consistently higher (or lower) scores on one series as compared 
with the two remaining series. These individuals are 


included in Table V. 
TABLE V 


NuMBER OF SuByEcTs WuHo Have ConsisteNTLy HiGHER (or Lower) 
Scores IN One SERIES AS COMPARED WITH THE OTHER Two SERIES 


Groups Comparison % Subjects wn in the use of 
1 and 4 E<F E<C 13 Vision 
3 and 7 F<E F<C 19 Vocality 
F<E C<E 13 Vocality 
4 and 7 E<C F<C 22 Either vision or vocality alone 
ee C<E C<F 24 Vision and vocality together 
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The subjects common to groups I and 4 and 1 and g 
apparently are superior in vision, while those in 3 and 7 and 
3 and 6 are superior in vocality. In both cases, the two 
groups differ in respect to that to which they are superior. 
The subjects in these groups use one cue better than another. 
In groups 4 and 7, the presence of two cues is apparently 
distracting, for the subjects use either one alone better than 
the two together. In groups 6 and g, the subjects use two 
cues to better advantage than either one alone. Since the 
interpretation of the results is of the same nature as that first 
made, the alternative explanations apparently need not be 
considered and little further comment is needed. It is of 
interest to add, however, that among the subjects who have 
consistent differences in their scores on one series as compared 
with the other two series, the two largest groups show relative 
superiority and inferiority in the use of the combination of 
vision and vocality, the next two groups in the use of vocality 
alone, and the two smallest groups in the utilization of vision 
alone. | 

To sum up briefly, series of visual recognition tests of 
words favoring the use of vision alone, vocality alone, and 
vision and vocality combined, were given to 202 subjects. 
A considerable number of subjects were found to be consis- 
tently superior in one series, as contrasted with another. The 
explanation advanced is that these subjects differ in their 
ability to use visual, vocal, and visual-vocal cues. It follows 
then that some of the conflicting reports previously made 
comparing memory efficiency of the different senses may be 
due in part to differences in the abilities of the subjects com- 
prising the groups involved. 


(Manuscript received May 31, 1938) 
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ELECTRICAL RESPONSES FROM THE COCHLEA 
OF THE FETAL GUINEA PIG 


BY A. F. RAWDON-SMITH 
Cambridge University 


LEONARD CARMICHAEL AND BERTRAM WELLMAN 
Tufts College 


In the course of certain preliminary experiments (con- 
ducted in the Laboratory of Psychology at the University of 
Rochester) designed to test the feasibility of a study of the 
origin of the cochlear effect by correlating the histological 
appearance of the fetal ear with the magnitude of the electrical 
phenomenon in question, we have made a brief study of the 
electrical and behavioral responses of the guinea-pig fetus to 
pure tone air-borne stimuli. This work, though of a character 
preliminary to the fuller investigations of these effects now 
contemplated, has, we believe, yielded results of sufficient 
interest to warrant their reporting in the present note. 

McCrady, Wever and Bray ! have given the results of an 
investigation of the electrical response from the cochlea of the 
post-natal pouch young opossum (Didelphys marsupzallis) 
between the ages of 59 and 82 days after birth. Though a 
correlative study of development of function, of character 
similar to that now contemplated by ourselves, could no 
doubt be effected using this animal, the fact that a great 
majority of the electrical studies of hearing in adult animals 
have been carried out on the guinea-pig has persuaded us, in 
the interests of continuity, of the desirability of employing 
the guinea-pig fetus for our present purpose. Additionally we 
_may note certain other practical and physiological differences 
between the pouch young and the fetal mammal which at 
least justify a study of both forms. 

Using an operative technique previously described,? a 

1McCrapy, E., Jr.. Wever, E. G. and Bray, C. W. J. Exp. Zool., 1937, 75, 


503-517. 
2 CarMICHAEL, L., Gen. Psych. Monog., 337, 16, 1934. 
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series of fetal guinea pigs of differing post-insemination ages 
was exposed for study with placental circulation and most 
other pre-natal conditions normally maintained. Exposure 
of the fetal middle ear cavity may be effected by a technique 
virtually identical with that employed for adult animals,’ 
and this we need not describe in detail here. In view, how- 
ever, of the difficulty of ligaturing blood-vessels necessarily 
requiring section for this exposure, owing to the somewhat 
reduced scale of the operation, we have preferred, to the use 
of scalpel and scissors, the employment of a conventional 
electric cautery maintained at high temperature. In this way 
hemorrhage into the middle ear cavity may with care be 
completely avoided, and the advantage of this in preserving 
satisfactory electrical conditions subsequently requires no 
stressing. A further advantage of the use of the cautery lies 
in the fact that the time ordinarily required for such a middle 
ear exposure may be shortened very greatly. 

With the completion of this operation the fetus was 
clamped in a specially carved wooden holder so constructed 
that the umbilical cord was not under tension. The maternal 
and fetal organisms were then partly immersed in a bath of 
physiological saline at approximately blood temperature 
(37.5° C.). In this holder the head of the fetus was firmly 
supported so that the region of the incision was just above the 
level of the liquid. A suitably insulated, ball-tipped silver 
wire electrode, in a flexible holder, was then manipulated into 
position such that it was in light but firm contact with the 
external surface of the bone at the base of the exposed cochlea; 
in the fetal animal this bone is more fragile than in the adult. 
A second electrode was attached to the retracted skin at the 
locus of the incision. The two electrodes were connected to a 
resistance-capacity coupled amplifier, the first stage of which 
was such as to permit the employment of an input circuit 
neither side of which was grounded. The output of this 
terminated in a Westinghouse Type PA (moving-mirror) 
oscillograph, from which photographic records could be 
secured by a moving sensitized-paper camera. A pair of 


3 E.g., C. S. and A. F. Rawpon-Smitna, J. Physiol., 1934, 81, 395. 
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telephones additionally made the amplified potentials au- 
dible. 

The youngest fetus from which a cochlear electrical re- 
sponse was secured in this study was 52 post-insemination 
(hereafter referred to as p.i.) days of age. Two much younger 
fetal litters were exposed, but were found to be unsuited for 
the experiment in its present, preliminary form. It may be 
pointed out, however, that we have little doubt that fetal 
guinea pigs younger than 52 p.i. days will give a cochlear 
electrical response, though we have not thus far had an op- 
portunity to study such preparations. Five older fetal litters 
were also exposed. Three of these, in age approximately 
58, 62, and 62 p.i. days, yielded preparations from which an 
electrical response was successfully obtained. These electrical 
responses may be described, in approximate figures, as follows: 

In the 52 p.i.-day fetus a small response (1-2 uV peak) 
was obtained to a stimulus of frequency 600 c.p.s., and 
intensity 100 db. above the human threshold at the animal’s 
ear. Declining responses were obtained to tones below this, 
and above 2000 c.p.s. This fetus also reacted overtly to 
auditory stimuli, this being the earliest age at which such a 
response has ever been observed.‘ The greatest electrical 
response photographically recorded amounted to 100 pV 
peak, from a fetus of approximately 62 p.i. days of age, though 
responses in excess of this were observed. A fetus from the 
other litter of the same age gave responses of the same order, 
and a record from this is shown in Fig. 1. Both the latter 
animals showed ‘startle’ responses to intense stimuli. 
Though all electrical responses reported may appear some- 
what small in comparison with those conventionally obtain- 
able from the adult animal, this may be ascribed, in the first 
place, to the fact that the external auditory canal in the fetus 
is not unobstructed, and in consequence the stimulus is much 
attenuated before reaching the cochlea. In the second place, 
we may point out that the younger fetus gave a smaller re- 
sponse than the older ones, from which we may tentatively 
deduce a progressive development of the auditory mechanism, 
as would be supposed. 


4 CARMICHAEL, Op. cit. 
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We must emphasize, however, that quantitative conclu- 
sions of this type are scarcely justified from the data gathered 
thus far. The purpose of this brief account is rather to 
indicate the feasibility of the techniques employed, and the 


presence, at least in the older fetal guinea pig, of electrically 
functional intra-cochlear structures. 


(Manuscript received August 4, 1938) 
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ON THE DISCRIMINATION OF MINIMAL 
DIFFERENCES IN WEIGHT: IV. 
KINESTHETIC ADAPTATION 
FOR EXPOSURE-INTENSITY 
AS VARIANT 


BY ALFRED H. HOLWAY, L. EDNA GOLDING, AND 
MICHAEL J. ZIGLER 


Wellesley College 


According to the principle of neural availability, differ- 
ential sensitivity (= 1/AJ) is assumed to be an increasing 
function of the number of neurophysiological elements 
(= number of nerve impulses per unit time) available at any 
instant for the discrimination of a just noticeable difference in 
subjective intensity (6). Differential sensitivity is thus 
regarded as a direct measure, not of the neural excitation it- 
self, but of its complement, 1.e., of the excitation potentially 
available for the discrimination at the time the judgment is 
made. The relation which has been postulated to exist 
between excitation and its complement may be expressed in 
the form of a rational equation: 


Na = M1, [4] 


where JN, is the total amount of excitation per unit time 
initially available under the physical and psychophysiological 
conditions of the experiment; and where WN, is the amount 
of excitation per unit time aroused by stimulation under 
specified conditions. N, is accordingly the amount of excita- 
tion per unit time potentially available during the moment 
the discrimination in question takes place. Equation [4] 
is purely neurophysiological in conception. 

The principle underlying this equation has been general- 
ized to account neurophysiologically for sensitivity data from 
most departments of sense (6, 9, 12, 20). It has also been 
employed to provide theoretical orientation as regards the 
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design and control of experiments in modalities which have 
not yet been systematically studied in thoroughgoing fashion 
(7, 8, 10, 11, 13). In the field of kinesthesis, the theory 
definitely implies that bimanual differential sensitivity must 
be greater than unimanual differential sensitivity for com- 
parable data when the stimulating intensity is constant. 
Clearly, under such circumstances, N; and N, for bimanual 
presentation must respectively exceed N, and WN, for uni- 
manual presentation. It follows at once from Equation [4] 
that N, for the former must exceed WN, for the latter set of 
conditions. If differential sensitivity does in reality vary 
directly with N,, then bimanual must be greater than uni- 
manual differential sensitivity. This requirement has been 
investigated and was found to be substantiated by experi- 
mental fact (10). | 

Another consequence which is also subject to direct. 
experimental test can be derived from a consideration of the 
neurophysiological finding of Field and Briicke. These 
workers have determined under specified conditions the 
manner in which the refractory period of nerve (a) increases 
during intermittent stimulation and then (b) recovers (de- 
creases) after the cessation of exposure (4). Stimulation was 
continued for as long as 10 minutes. In general, the refrac- 
tory period was found to increase continuously during stimula- 
tion;—the rate of increase conforming to a law of diminishing 
returns. Following cessation of the stimulus, the refractory 
period was observed to decrease (continuously approaching 
its normal value) in a manner which can be described by an 
exponential function. Thus the excitation per unit time pro- 
duced by direct electrical activation of nerve (1.¢e., without the 
mediation of sense organ activities) decreases during con- 
tinued intermittent stimulation. Immediately following this 
stimulation, the refractory period returns to its nominal pre- 
exposure value; hence, more and more excitation becomes 
available for a given amount of the stimulus during recovery. 

This neurophysiological finding possesses special signifi- 
cance for the interpretation of measured variations in sensory 
threshold-stimuli and differential sensitivity. It possesses ad- 
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ditional interest because it serves to provide us with a factual 
basis for a neurophysiological explanation of the phenomenon 
generically called ‘adaptation.’ | 

Taken in conjunction with the availability principle, this 
experimentally established fact has definite implications for 
kinesthetic as well as for all other types of sensory adaptation. 
When a heavy weight is lifted and sustained over a sufficient 
period of time, for example, the refractory periods of the nerve 
fibers involved may be expected to increase. N, should then 
decrease. Moreover, in keeping with the results furnished 
by Field and Brucke, N; may be expected to increase during 
the interval of time required for the individual fibers to re- 
cover, 1.¢., to reach their preéxposure (or ‘normal’) condition. 
The total amount of excitation (= N;,) available for stimula- 
tion must accordingly be less at the end of the exposure than 
it was immediately before the exposure. 

When nerve fibers are in the quiescent state, there is of 
course no excitation, and N, = 0. Equation [A] then reduces 
to N, = Ny. For this condition, the absolute threshold- 
stimulus (= AW o) may be expected to decrease during re- 
covery (1): [1/AW , should increase]. The outcome is similar 
when N, is greater than ‘ zero.’ According to the availability 
principle, differential sensitivity (= 1/AW) for given values of 
the standard weight W may likewise be expected to increase 
during the recovery interval following exposure to a heavy 
stimulus. The purpose of the experiment reported in this 
paper is to validate this theoretical consequence and to 
determine specific properties of the function relating 1/AW 
and recovery-time. 


Apparatus, Method and General Procedure—To determine the general nature of 
the relationship between differential sensitivity and recovery-time, three different 
exposure-intensities (500, 1200 and 4000 grm.) were lifted with the right hand and 
sustained for a period of one minute(= exposure-time). Immediately following the 
exposure (= W X 2), differential sensitivity was measured at various time-intervals 
until the value of AW had reached its normal magnitude as measured just before 
exposure. All measurements were made by the method of limits (continuous increase 
at a constant rate). 

The essential elements of the apparatus have previously been described in detail 
(8). The observer’s right arm was relaxed on a horizontal platform elevated to the 
height of his arm-pits. The arm was flexed about go degrees at the elbow. The 
exposure-weights and the standard weights were lifted from the wrist as fulcrum and 
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were sustained in essentially the same manner at a height of approximately 2.5 cm. 
A passive procedure was used. Thestandard (= W) weighed zoograms. At intervals 
during the recovery-period, this weight was increased at a constant rate (= 10grm./sec.) 
by adding mercury from a calibrated burette until the observer signified an increase 
in the subjective effect (= kinesthetic intensity, cf. 8, p. 316). 
as nearly as may be at 0.25 min. intervals. 

All AW-values were measured in grams. In reality, they are properly to be 
expressed in relative energy units. However, since the time required for the delivery 
of a given amount of mercury in these experiments is directly proportional to AW itself, 
it can have no effect upon the final result if we express our data in units of log-weight. 
The form of the functions sought will not be varied at all, provided of course that log- 
units are employed. Mathematically, log AW is linearly related to log A-energy for 


these experiments. For this reason, our measurements have been presented in terms 
of log—AW. 


Readings were taken 


Results —Complete sets of measurements were secured 
from each of two observers (A.H.H. and M.J.Z.) for all three 
exposure-intensities. The data are given in Table I. The 


TABLE I 
Loc AW-Va.ues For Eacu oF Two OBSERVERS DURING Post-ExposurE TIME 
The exposure-intensities were 500, 1200 and 4000 grm.; the exposure-time 
was constant (= 60 secs.). Each AW-value was measured at W = 200 grm. 


Observers 
Time. A.H.H. M.J.Z. 
in secs. 
log AW for | log AW for | log AW for || log AW for | log AW for | log AW for 
Exp.-W. Exp.-W. Exp.-W. Exp.-W. Exp.-W. Exp.-W. 
=500 grm. | =1200 grm.| =4000 grm.|| =500 grm. | =1200 grm.| =4000 grm. 

30 1.781 1.982 2.208 1.785 2.081 

45 1.686 1.682 2.250 

60 1.630 1.821 2.030 1.650 1.902 

75 1.650 

go 1.600 1.763 1.945 1.575 1.791 2.002 
105 1.720 1.819 
120 1.575 1.720 1.841 1.575 1.785 1.875 
135 1.688 
150 1.570 1.632 1.768 1.536 1.780 
165 1.689 
180 1.535 1.618 1.742 1.820 
200 1.649 
210 665 1.770 
215 I. 
230 1.600 
240 1.551 
250 1.633 
270 1.631 1.575 
300 1.610 
315 1.600 
330 1.551 1.608 
360 1.577 
390 1.631 
420 1.572 
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AW-values are expressed in grams; post-exposure times, in 
secs. Log AW is in every instance linearly related to log 
(A-energy). ‘The data are also shown graphically in Fig. 1. 


The uppermost functions are based on data secured from 


A.H.H.; the lower graphs, on data from M.J.Z. 
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Fic. 1. Typical functions showing the behavior of log AW for each of two ob- 
servers during recovery-time following stimulation by exposure-intensities (W = 500, 
1200 and 4000grm.). Exposure-time was constant (= 60secs.). In each case, log AW 
decreases during the post-exposure interval and approximates its normal preéxposure 
value. At any moment during recovery, log AW is an increasing function of the 
exposure-intensity. The duration of the total recovery period also varies directly with 
the exposure. For a neurophysiological explanation of these results, see text. 


These measurements bring to light three major points of 
fact. In the first place, log AW, and therefore log (A-energy), 
decreases continuously as a function of post-exposure time 
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for each observer. This statement is independent of the 
exposure-intensities employed. Secondly, at any given mo- 
ment during the recovery interval, log AW is for each observer 
an increasing function of the exposure-intensity. Finally, 
the duration of the total recovery-period varies directly with 
the exposure-intensity. These three facts may be accepted 
as established by the results obtained in the present 
experiment. 

Our determination of the form of the functions drawn in 
Fig. 1, however, rests on a more tenuous foundation. Several 
different equations can be fitted to the data, and only a 
method like least squares can provide a suitably unique 
criterion for a final selection among them. We have not 
adopted the least squares criterion—even though it could be 
done nicely for the data presented in Table I (cf. 2). Instead, 
we have been satisfied simply to examine a number of other 
functions (obtained for the same observers under essentially 
identical conditions) also, and to estimate by visual compari- 
son the modal form (1.¢., the most probable shape) of these 
functions without reference to specific constants. The 
curves drawn in Fig. 1 have been determined in this manner. 


INTERPRETATION 


On the basis of the availability principle and the constant 
quantity hypothesis, these results can be accounted for 
simply in terms which are wholly consonant with experi- 
mentally established neurophysiological fact. 

During exposure, the refractory periods of the involved 
nerve fibers may be assumed to increase by an amount which 
varies directly with the exposure (= W Xt). This is 
consistent with two facts established experimentally by 
Adrian: (a) for continued stimulation, the frequency of the 
impulses in a single nerve fiber decreases as a function of time 
during exposure; and (b) the frequency at any given moment 
during exposure is an inverse function of the stimulus-amount 
(x1). This assumption is also consistent with the similar fact 
established for direct electrical stimulation of nerve by Field 


and Bricke (4). 


aan 
q 
es 
j 
4, 


542 A. H. HOLWAY, L. E. GOLDING AND M. J. ZIGLER 


Now, if the perception of a just noticeable increment in 
kinesthetic intensity is contingent upon the eventuation in the 
central nervous system of a constant increase in the number of 
impulses per unit time (constant quantity hypothesis), it 
then follows from the availability principle that AW should 
be greater just after exposure than just before—a fact demon- 
strated by the data secured in the present experiment. 

The results of Field and Briicke can likewise be employed 
to account for the increase in differential sensitivity during 
the post-exposure interval. Log (1/AW) increased with an 
increase in post-exposure time because the refractory periods 
of the involved nerve fibers decreased during this interval. 
At any instant during the recovery interval, log (1/AW) 
varied inversely with exposure-values ;—the refractory periods 
increased with stimulus-amount. Finally, the total recovery- 
time was longest for the strongest exposures, because the 
refractory periods of exposed nerve fibers require more time 
to recover from strong exposures. 

In this way can one provide a theoretical basis for ex- 
pecting the results obtained in the present experiment solely 
in terms that are consistent with experimentally established 
facts—facts concerning the activities of individual nerve 
fibers.} 

On the other hand, we have by no means provided a 
complete explanation for our results. Successive effects occur, 
and factors which are not neurophysiological are also in- 
volved. Briicke, for instance, has shown conclusively that 
the refractory periods of individual muscle-fibers during adap- 
tation can function in a manner quite similar to nerve (cf. also, 
17). Part of the process responsible for the behavior of AW 
during recovery may definitely be localized in muscle-fibers. 

1 Clearly, this basis can be applied to sensitivity data obtained during the course 
of adaptation in any department of sense. For visual dark adaptation (monocular 
and binocular), cf. H. Piper (18); for audition, see A.F. Rawdon-Smith (19) and A. H. 
Holway, R. C. Staton and M. J. Zigler (12); for taste, H. Hahn (5); and for smell, 
H. Zwaardemaker (21). 

Other interpretations are also available: cf., ¢.g., G. T. Fechner (3), C. S. Myers 
(15, p. 207ff), R. Matthaei (16). These interpretations, however, are sheerly de- 


scriptive in character. They either re-describe or summarize the data. They do not 
explain them. 
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Moreover, as is frequently argued, residual effects (cf. after- 
discharge) can take place at various inter-neural junctions, 
and thus the effect may also depend on factors other than 
those localized either in nerves or in sense organs per se. 
Sense organ and synaptic processes, however, are seldom 
neglected in the interpretation of sensory functions. We 
would therefore emphasize the fact that one can provide (if not 
a complete) at least a sufficient basis for expecting the results 
secured in the present experiment solely in neurophysiological 
terms. 


SUMMARY 


Immediately following exposure (= W X t), kinesthetic 
differential sensitivity (= 1/AW) was measured for specified 
conditions as a function of post-exposure time (t, insecs.). The 
exposure-intensities were 500, 1200 and 4000 grams; the 
exposure-time was constant (= 60 sec.). All measurements 
were made by way of the method of limits for a standard 
weight of 200 grams. 

Three principal facts were established by the measure- 
ments. For each of two practised observers, differential 
sensitivity as a function of post-exposure time was found to 
increase continuously until it approximated its normal (pre- 
exposure) value. At any given moment during the recovery 
interval, differential sensitivity varied inversely with the 
exposure-intensity. The duration of the total recovery- 
period varied directly with the exposure-intensity. 

On the basis of the principle of neural availability and the 
constant quantity hypothesis, it was shown that these facts 
can be accounted for simply in terms which are wholly con- 


sistent with experimentally established neurophysiological 
fact. 


(Manuscript received August 24, 1938) 
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THE RELATION OF TIME ESTIMATION TO 
CERTAIN PHYSIOLOGICAL CHANGES 


BY VERNON G. SCHAEFER 
The Pennsyloania State College 


A. R. GILLILAND 


Northwestern University 


Many different psychological problems relating to the 
subject of time have been investigated.!. Among the earlier 
studies were several dealing with the Weber-Fechner Law,? 
comparison of filled versus empty time * and a comparison of 
time in passing with time in retrospect.’ The more modern 
studies have dealt with such topics as methods of time 
estimation,® individual differences in estimation,® the relation 
of time to rhythm,’ and the development of time concepts in 
children.® A series of studies has also been devoted to certain 
physiological processes in relation to time estimation. Among 
these are studies of breathing and muscle strain,® time judg- 
ment and sleep, 1° " the effect of illness, the relation of 

1 Weber, A. O., Estimation of time, Psych. Bull., 1933, 30, 233-252. 

2Horing, A., Versuche tiber das Unterscheidungsvermogen des Horsinnes fur die 
Zeitgrossen, Inaug. Dissertation, Tubingen, 1864. See also Triplett, D., The relation 
between physical pattern and the reproduction of short time intervals, Psych. Mono., 
1931, 41, 201-265. 

3 Meumann, E., Beitrage zur Psychologie des Zeitsinne, Phil. Stud., 1894, 9, 
264-300. 

4 James, W., Psychology (1890), Vol. 1, Ch. 15. 

5 Woodrow, H., The reproduction of temporal intervals, J. Exper. Psych., 1930, 


13, 473-499. 


6 McDougall, R., Sex differences in the time sense, Science N. S., 1904, 19, 707-708. 

7 Dunlap, K., Rhythm and time, Psychol. Bull., 1911, 8, 230-242; 1912, 9, 197- 
199; 1914, 11, 169-171; 1916, 13, 206-208. 

8 Elkine, D., De l’Orientation de l’Enfant d’Age Scholaire dans les Relations 
Temporelles, J. Psychol. Nor. et Pathol., 1928, 28, 425-429. 

9 Minsterberg, H., Der Zeitsinn, Beitr. Z. Exper. Psychol., 1889, 1, 68. 

10 Boring, E. G. and Boring, L. D., Temporal judgment after sleep, Tichener Com. 
Vol., 1917, L. N. Wilson, Worcester, Mass. 

1 Brush, E. M., Observations of the temporal judgments during sleep, Amer. /. 
Psych., 1930, 42, 408-411. 
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circulation,’ chemical and temperature effects,!*: and 
basal metabolism ' to time estimation. 

The chief characteristics of these latter studies seem to be 
a lack of consistency and even of disagreement in the results. 
Despite this fact there is a,widespread idea that estimations 
of short time intervals are based upon certain bodily changes 
such as breathing, blood pressure changes or heart beat. 


The present study was designed to investigate this hypothesis, that is, it is an 
attempt to determine a physical basis for the estimation of short time intervals. The 
physiological processes which were selected for study were (1) pulse rate, (2) heart 
work, (3) breathing rate, (4) breathing work and (5) blood pressure changes. Subjects 
were given time intervals from 4 to 27 seconds toestimate. A chance order of presen- 
tation was used throughout the experiment. These intervals were unfilled time 
bounded by two telegraphic sounder clicks. The subjects were requested to estimate 
the length of the interval and report their estimates in seconds or fractions of a second. 
The subjects were directed to use no counting or other conscious rhythmical aids. The 
intervals were presented in series of ten with short rest periods between each series. 
One hundred estimates were made by each subject on each of two days. As each 
series of time intervals was presented to the subjects measurements of the five physio- 
logical functions mentioned above were made. 

In a second part of the experiment the subjects were given vigorous exercise in 
running up and down steps in order to speed up the physiological functions. Im- 
mediately following the exercise another series of estimations and measurements were 
made in order to determine what effect, if any, the increased physiological functions 
would have on the estimation of time. One hundred additional records were taken for 
each subject on each of two days. 

The Keeler polygraph with sphygmomanometer and pneumograph attachments 
was used for making continuous graphic records of all five physiological changes. This 
instrument gives reliable records for measuring heart rate, breathing rate and changes 
in blood pressure. Accurate records can also be made for changes in amplitude of 
pulse and breathing during any one sitting. 

Fortunately in the present experiment all comparisons were to be made only 
between measurements taken during a single series of time estimates. 


12 Pavlov, M., Sur le role de l’energie des ondes pulsatiles dans la perception 
immediate du temps, J. de Psych., 1928, 25, 391-424. 

13 Stevens, H. C., The relation of the fluctuations of judgment in estimation of 
time to vaso-motor waves, Amer. J. Psych., 1903, 13, 1-27. 

4 Sterzinger, O., Chemopsychologische Untersuchungen uber der Zeitsinn, Zsch. f. 
Psychol., 1935, 134, 100-131. 

% Dunlap, K., Rhythm and time, Psychol. Bull., 1911, 8, 230-242; 1912, 9, 197-199; 
1914, 11, 169-171; 1916, 13, 206-208. 

16 Woodrow, H., The reproduction of temporal intervals, J. Exper. Psych., 1930, 
13, 473-499. 

_ 7 Gardner, W. A., Influence of the thyroid gland on the consciousness of time, 


Amer. J. Psych., 1935, 47, 698-701. 
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The amplitude of the breathing records and heart beat were measured by means of 
an oscillometer.'® 

The time intervals for estimation were produced by means of a telegraphic sounder 
which was actuated by a key in a series with a seconds pendulum. An electric marker 
indicated the time signals on the polygraph paper simultaneously with the records of 
the physiological changes. 

Four male college students were used for subjects. They were members of a class 
in general psychology. They gave excellent cooperation throughout a rather arduous 
series of sittings in which a high degree of attention was continuously necessary. 

Errors were calculated in percent of over- or underestimation. Overestimation 
means that the subject judged the time to be longer than it actually was; underestima- 
tion means that it was judged shorter than it actually was. Graph I shows the average 
percent of error for each of the different time intervals for each of the four subjects. 
These results indicate that there is a somewhat greater percentage of underestimation 
of the longer intervals (22 and 27 seconds) than for the shorter intervals (4 and 6 
seconds). The form of the curves is essentially the same both during rest and following 
exercise. In two subjects on one day each the amount of underestimation is greater 
after exercise than at rest. On the other two days and for the other two subjects there 
is no significant difference between rest and exercise. 

There is no tendency toward a shift in over- or underestimation during any day. 
This is shown for all four subjects in Graph I. 


The following table (Table I) presents the range and 
mean percent of over- and underestimation for each subject 
both at rest and after exercise. Overestimation is marked + 
and underestimation —. 


TABLE I 
At Rest After Exercise 
Subject C.R. 
Range Mean Range Mean 
A — 79.9 to +128.0 — 49.5 —84.9 to+ 4.9 — 57.0 1.56 
K —38.9 to+ 35.9 — g.I — 37.0 to +33.9 — 12.8 .56 
P —67.0to+ 19.1 — 28.4 — 66.6 to +33.4 — 32.5 80 
Z — 76.6 to + 93.3 + 8.0 — 66.6 to +83.3 + 4.0 | 3.48 


This table shows a wide range of error in estimation for 
each subject. It also shows a general tendency for three 
subjects to underestimate both at rest and after exercise while 
the other subject tended to overestimate in both cases. 
Table II gives the range and means for (1) pulse rate per 
second, (2) heart work expressed in oscillometer units, (3) 
breathing rate per second, (4) lung work expressed in oscillom- 


18 Hull, C. L., An instrument for summating the oscillations of a line, J. Exper. 
Psych., 1929, 12, 359-361. 


qe 
4 
. 
Ds 
3 
a 
3 
Ll 
7 


548 VERNON G. SCHAEFER AND A. R. GILLILAND 


& 6 10 12 16 1B BO Series 


6 és 8 


Percent of Overestimadion ¢, 
) 
' 
; 
< 


~— Atter Enerese SuBvECT 


SwowinG THe Mtan Per CENTOF Mean Percent or Error 
rom Each Intervan  Eacn Serizs of 20 EsTimarions 
The physiological changes could also be expressed in terms of the amount of change 
per second. This made it possible to correlate each of these physiological changes 
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eter units, and (5) blood pressure changes in oscillometer 
units. These are given both during time estimations at rest 
and after exercise. 

These records also show wide changes in the functions 
measured during the estimations for each subject as well as 
wide variations between subjects. 
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TABLE II 


RANGE AND MEans FoR Five Puysio.tocicaL CHANGES Durinc 
EsTIMATIONS AT REstT AND AFTER EXERCISE 


At Rest 

Pulse Rate Heart Work | Breathing Rate Lung Work Blood Pressure 
Sub- 
ject 

Range Mean} Range | Mean| Range | Mean| Range Mean Range | Mean 
| 1.03-1.73| 1.44] 3-16] 8.3 |.12-.39] .30 | .35- 5.0] 1.77|— 3-15] 4.0 
K | 1.20-2.02] 1.73 | 12-35 | 25.7 |.31-.50] .38 | .25- 5.1] 2.42] — 3-21] 1.9 
P | .48-1.65} 1.34 | 12-26| 19.5 |.22-.64] .40 | .45- 5.0| 1.61 ]— 3-18] 3.1 
Z |1.35-1.95] 1.71 | 4-29] 15.8 |.20-.49| .33 | .13- 9.6] 4.50] —37-10] 2.5 

After Exercise 

A_ | 1.00-2.20] 1.62 | 4-40] 17.5 |.25-.42| .34 | 1.00-24.0] 7.00 | —22-17| 1.7 
K | 1.30-2.50] 1.81 | 11-42 | 24.1 | .33-.63| .43 | 1.00-34.0] 9.10 |—24-18]| 3.1 
P | 1.25-2.10] 1.62 | 16-42 | 27.1 | .12-.60| .42 | 1.00-47.0| 9.00|—17- 5]| 3.0 
Z | 1.00-2.40] 1.99 | 8-59] 23.2 |.20-.52] .36 | 2.00-55.0] 13.50 | —37-37| 2.2 


Table III gives the Pearson coefficients of correlation 
between the five physiological functions measured and the 
time estimations both at rest and after exercise. 


TABLE III 


CorRELATION BETWEEN Five PuysioLocicaL FuncTIONS 
AND TIME EsTIMATION 


At Rest 
Pulse Rate Heart Work | Breathing Rate} Lung Work | Blood Pressure 
Subject 

1 Day | 2 Day | 1 Day | 2 Day | 1 Day | 2 Day | 1 Day | 2 Day | 1 Day | 2 Day 

A —23 | —13 | —10 | —.36 .07 | —.24 | —.32 .27 
K —55 5 |—.14| .22| —36 25 .08 50] .O1 
P 31 .0O .23 | —.07 33 25 19 45 | —.11 
Z 09 | —07 16 | —.17 | —.13 | —21 | —21 | —.40 40 | —06 

After Exercise 

A 19 | .37 | —.23 | —16 43 |—.16]  .o1 33 19 | —.27 
K .28 | —12 |—.07 | —03 15 | —05 .09 | —.25 .06 05 
P —o8 | —06 | —.08 | —.11 .06 .14 | —.08 | —.05 | —.07 | —.09 
Z —14] .06 | —03 | —.14] —.55 55 | —54 .09 25 | —.11 


On examination of Table III, we find that of the 80 
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coefhcients of correlation the highest in value is .552. Of 
these, only 25 r’s stand Fisher’s test for the least significant r; 
and only 16 are four times their probable error. Since all of 
the r’s are small they ought to be more than four times the 
P.E. Only 11 r’s are 4} times the probable error, and all of 
these are reversed in sign from the r for the same function 
under the same condition for the second of the two experi- 
mental days. Furthermore, the coefficients of correlation 
show no tendency to be constant in sign from one individual to 
another for the same condition on the same day. Thus all 
coefhicients were low, most of then near zero, and wherever 
there were coefficients which tended to be significant they 
were reversed in sign on the second experimental day. It 
is very evident that there is no constant tendency for the 
estimation of short time intervals to vary with the changes in 
the physiological conditions studied. 

If the estimation of time is related to the variables studied 
that relationship should be evident by the correlation tech- 
nique. However, if the relationship is between estimation and 
the variables as an interdependent group, the correlation 
technique would not exhibit the relationship unless the whole 
group of factors could be changed at once. For this reason 
exercise was introduced. The error of estimation between 
rest and exercise conditions shows a significant difference 
for only one subject on one day. In all other cases, even 
when all of the physiological conditions were changed by as 
much as an increase of 50 percent as they were in most cases, 
the error of estimation did not change in direction or amount, 
nor was there any greater variation in the individual estima- 
tions than while in a condition of rest. 

The critical ratios range from .125 to 4.40 with a median 
at .go; and five of the ratios are in favor of greater estimation 
and three in favor of lesser estimation at rest than after 
exercise. 

It is evident then that the individual physiological vari- 
ables have no constant relationship to the estimation of short 
time intervals; and also that there is no apparent constant 
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relationship of the variables studied, taken as a group, to the 
estimation of the short time intervals. 

Since this investigation has shown that no relationship 
exists between time estimation and the five physiological 
changes studied, some other hypothesis must be used as an 
explanation. Another possibility is that bodily functions 
other than those studied form the basis for time estimation. 
Or it may be that time estimation is not dependent on any 
physiological function but that perception of short time 
intervals may be dependent upon many cues taken from the 
environment of the individual; that different cues serve for 
different individuals; and that the same individual may use 
different cues on various occasions without necessarily being 
aware of the basis of the perception in any given situation. 


SUMMARY AND CONCLUSIONS 


From this study the following conclusions may be drawn: 

1. There is no significant relationship between the 
estimation short time intervals and the five physiological 
conditions studied in this investigation. 

2. The general direction and amount of error in estimation 
of time remains approximately the same from one day to 
another. There is some tendency for the longer intervals 
to be underestimated more than the shorter intervals. 

3. The physiological changes of heart work, pulse rate, 
blood pressure, lung work, and breathing rate as studied in 
this experiment vary greatly during the experiment. 

4. What changes there are in individual estimations do 
not show any constant or definite relationship to changes in 
physiological conditions. 

5. There is no significant difference in errors between 
estimations when the subject is resting and when the subject 
is in a state of great physiological activity. Thus, the 
physiological factors, here studied, as a group are not related 
to the estimation of short time intervals. 

6. There is no tendency for all subjects to estimate time 
as being longer or shorter after long periods of continued 
estimation and fatiguing exercise. 
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Thus, since there is seemingly no definite relationship 
between the physiological factors studied and the amount 
or direction of error in the estimation of short intervals of 
time, the problem of time perception stands as a challenge 
to further investigation. 


(Manuscript received June 3, 1938) 
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ADAPTATION OF THE GALVANIC SKIN 
RESPONSE! 


BY J. M. PORTER, JR. 
Carnegie Institute of Technology 


In an article recently published in this JournaL, Coombs 
(1) reported the results of an investigation concerning the 
adaptation of the galvanic skin response to auditory stimuli. 
Among other things it was found that the adaptation of the 
response to repetitive stimulation was if part general to the 
stimuli within a given sense modality, and in part specific 
to the stimulus employed. ‘The question is also raised con- 
cerning the possibility of the transfer of adaptation from one 
sense modality to another. Coombs’ data afford no evidence 
on this question inasmuch as the stimuli which he employed 
were all auditory in nature. 

Several years ago the writer conducted a short experiment 
in an attempt to determine the answer to this latter question, 
the results of which have not been previously presented. It 
was the object of this investigation to determine whether or 
not adapting the galvanic skin response by repetitive stimula- 
tion via one sense modality would have any effect upon the 
adaptation of the response to subsequent repetitive stimula- 
tion via a second sense modality. 

The apparatus employed for measuring the galvanic skin response has been 
described by Davis and Porter (4). Non-polarizable electrodes, described by Davis 


(3, p. 29), were employed and were attached upon the palmar surface of each arm just 
posterior to the wrist bones. 


Eight students from psychology classes, two women and six men, served as 
subjects. 

A subject for the experiment was seated by himself in a dark room several rooms 
distant from the one in which the measuring apparatus was located. Light, save from 
that employed as a stimulus, was practically excluded, and though not sound-proof the 
room was relatively quiet. Two different modes of stimulation were employed, 
visual and auditory. The visual stimulus was supplied by a flash of light from a hun- 


1This experiment was conducted in the Psychological Laboratory at the Uni- 


versity of Virginia during the writer’s tenure as Dupont Senior Research Fellow in 
Psychology. 
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dred watt electric light bulb mounted in front of a large reflector. This unit was 
mounted upon a stand which was placed about two and a half feet in front of the 
subject and in a plane only slightly below that of his eyes. An ordinary electric door- 
bell attached to a leg of the chair in which the subject was seated served as the auditory 
stimulus. Both the light and the bell were controlled by switches located in the 
recording room beside the measuring apparatus. 

The procedure employed during the experimental periods was as follows. The 
subject was seated in front of the stand holding the electric light bulb and reflector, in 
the dark room. The electrodes were attached to the wrists firmly, yet not tight enough 
to interfere with circulation. He was warned against moving any part of his body any 
more than was necessary to prevent his becoming cramped, since such movements 
sometimes serve to stimulate the galvanic skin responses, and was requested to main- 


_ tain, as near as possible, a constant fixation—straight ahead and in the plane of the 


light bulb which was to supply the visual stimulus. The nature of the two modes of 
stimulation to be employed was explained to the subject, but not the sequence of 
presentation. The electrodes attached, the door to the dark room was closed and a 
few seconds later the exsomatic current (0.1 milliampere) was turned on and allowed to 
flow for an interval of three minutes before the first stimulus was given, in order that 


the apparent skin resistance might reach a stable value. At the end of this period the 


first mode of stimulation was applied for three seconds and repeated for the same 
interval every thirty seconds until upon three successive occasions it failed to elicit the 
galvanic skin response. Three such successive trials were arbitrarily chosen as the 
criterion of complete adaptation. Upon the occasion of the third successive failure of 
the first mode of stimulation to elicit the response, without any signal to the subject, 
the second mode of stimulation was employed at like intervals until upon three succes- 
sive presentations it failed to elicit the response. The order in which the two modes of 
stimulation were presented was varied in such a manner as to keep the subject in ignor- 
ance of which would be used first upon any particular day. Records were taken on 
each subject approximately every other day. 


RESULTS 

A total of 52 records were obtained on this group of sub- 
jects, in approximately half of which the first mode of stimula- 
tion was visual and the second auditory; in the remainder the 
order of presentation was reversed (see Table I). Since the 
number of records obtained on each subject is not sufficiently 
large to justify extensive statistical treatment, the following 
method of analysis was adopted. The data were divided into 
two groups upon the basis of the first mode of stimulation 
employed. The difference between the number of stimula- 
tions required to secure adaptation to the first mode of stimu- 
lation and the number required to secure adaptation to the 
second mode of stimulation was regarded as indicative of the 
effect adaptation to the first mode of stimulation had had 
upon adaptation to the second. The data show that where 
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TABLE I 
SHOWING THE NUMBER OF PRESENTATIONS OF STIMULI REQUIRED TO SECURE 
CompLete ADAPTATION OF THE GALVANIC SKIN RESPONSE (SEE 
Text FoR DEFINITION OF CoMPLETE ADAPTATION) 


The letter in parenthesis following each value in the table indicates the nature of 
the stimulus employed, i.¢., (A) auditory; (V) visual. 


Subject | | apd | ach | sgh | | 73h 
ey. 8(A) | 10(V) 4(V) 4(A) | 10(V) 
8(V) 5(A) 4(A) 3(V) 7(A) 
ee 6(V) 4(A) 8(V) 4(V) 9(A) 5(A) 
6(A) 4(V) 8(A) 4(A) 7(V) 5(V) 
Whit ceodtnbede 48(V) | 32(A) | 25(V) 6(A) | 18(V) 8(V) 
4(A) | 4(V) 5(A) 5(V) 5(A) 4(A) 
13(A) 8(V) 9(A) 4(V) | 1ro(A) | 19(V) | 42(V) 
5(V) 5(A) 4(V) 8(A) 4(V) | 20(A) | 19(A) 
Spe............-] 9(V) | 12(A) | 11(V) | | 15(A) 8(A) 5(V) 
4(A) | 4(V) | 4(A) | 18(V) | 10(V) 3(V) | 4(A) 
 Paerere 9(A) 5(V) 3(V) 4(V) 4(A) | 11(V) 4(A) 
4(V) 4(A) 4(A) 4(A) | 15(V) 4(A) 5(V) 
3(V) 4(A) 8(V) 6(A) 4(A) 7(V) 
3(V) 3(A) | 4(V) | 12(A) | 4(V) 3(V) 
6(V) 3(A) 3(V) 5(V) 4(A) 3(A) 6(V) 
4(A) 3(V) 3(A) | 4(A) 3(V) 3(V) 5(A) 


the first mode of stimulation was visual and the second 
auditory it required on the average 1.74 more presentations 
of the stimulus to fatigue the response to the first mode of 
stimulation than it did tothe second. While this is nota signif- 
icant difference (D/o diff. = 2.32), the chances are 99 in 100 that 
the true difference is greater than zero. In those instances 
in which the first mode of stimulation was auditory and the 
second visual it required on an average I.I more presentations | 
of the first stimulus than of the second to fatigue the response. 
This difference, also, is not a significant one (D/o diff. = 1.30) 
but the chances are go in 100 that the true difference is 
greater than zero. Though these differences are not reliable 
they imply that the adaptation of the galvanic skin response 
to one stimulus exercises an effect upon the adaptation of the 
response to immediately subsequent stimuli. The fact that 
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it required more presentations of the first stimulus to fatigue 
the response when that stimulus was visual in nature is, in the 
investigator’s opinion, to be regarded as an artifact of the 
experimental situation more than anything else. It was 
possible to exclude practically all light from the room in which 
the subject was seated, but it was impossible to exclude certain 
extraneous noises, hence the apparent efficacy of the visual 
over the auditory stimulus is probably explainable in terms 
of the background against which the stimuli were adminis- 
tered. 

Since the experimental situation became more or less 
familiar to the subjects as time passed, and as familiarity 
would tend to decrease the subject’s reactivity to stimulation, 
it is worthwhile examining the results obtained during the first 
and last experimental periods with each subject. Examina- 
tion of these first eight records reveals that it required on the 
average 3.6 more presentations of the first stimulus than of the 
second, regardless of its nature, to fatigue the response, while 
examination of the last eight records shows that this difference 
has diminished to 1.25 presentations. Intermediate records 
exhibit in general a gradual diminishing of this difference. 

A phenomenon comparable to disinhibition in the Pav- 
lovian sense was observed upon several occasions. During 

vegal Qx#erimental periods it happened that after the subject 
Rwiies to respond to one or two presentations of the stimu- 
lus he received some form of extraneous stimulation such as 
the noise made by people walking by the door, or conversing 
in the corridor near the door to the subject’s room. In such 
instances, almost without fail, the subject would respond to 
these extraneous stimuli and upon the next presentation of 
the mode of stimulation then being employed would respond 
and continue to do so for several minutes. It was decided 
that such records should not be included in the data of this 
investigation. Obviously, however, the effect upon the 
galvanic skin response of interpolating unexpected stimuli 
during the progress of a known series is one that should be 
investigated. Davis (2, p. 44) has reported that in instances 
in which the subject fails to respond to a familiar stimulus, 


4 
« 
y 
ae 
yt 


ADAPTATION OF GALVANIC SKIN RESPONSE 557 


the interpolation of another mode of stimulation will have a 
facilitating effect upon the response to the familiar stimulus. 

These data suggest the following conclusions: 

1. When the galvanic skin response is adapted to one mode 
of stimulation the number of presentations of a second, and 
immediately subsequent, mode of stimulation necessary to 
secure the adaptation of the response is appreciably dimin- 
ished. Transference of adaptation is indicated. 

2. The number of stimulations required to secure adapta- 
tion of the response tends to decrease during successive experi- 
mental sessions. 

In addition it was indicated that interpolation of unfamil- 
iar stimuli during the presentation of a series of familiar 
stimuli acts to facilitate (or disinhibit) the diminishing re- 
sponse to the familiar stimulus. 


(Manuscript received May 27, 1938) 
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